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PREFACE 


The subject of this book is the great change in the processing of 
information in reasonable ways that has been accomplished by 
harnessing to the task machines and electricity—the invention of 
the automatic computer or “electronic brain”. This great change 
—the “computer revolution”—is the more remarkable in that it 
began essentially in 1944. 

This subject now is very large; and one author in one book 
cannot hope to cover it very adequately. But the parts I have 
sought to discuss are, I hope, fairly well indicated in the titles 
of the chapters and of the sections within the chapters; and 1 
hope that every reader will find something of interest and signifi- 
cance to him, here or there in the book—without feeling that he 
should take on the burden of reading every word in the book. 

In spite of the effort to avoid errors, no author can be sure 
they are all eliminated. Any corrections, comments, and sugges- 
tions from any reader will be very welcome. 


Epmunp C. BERKELEY 


Newtonville 60, Massachusetts 
September 1961 
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WHERE WE ARE 

















THE REVOLUTION IN THE HANDLING 
OF INFORMATION 


1. The Power to Answer Questions 


Most people nowadays have heard of “electronic brains”, giant 
electrical or electronic machines which gulp in problems and 
information, process them at an incredible number of steps per 
second, and pour out answers and data. These machines are 
called automatic computers, or automatic data processors, or au- 
tomatic information-handling machines, and sometimes “giant 
brains” or “electronic brains’—the last phrase attracting many 
people but repelling many others. 

More than 10,000 of these extraordinary machines are now at 
work. They are solving problems and answering questions which 
until the last few years were completely beyond the capacity of 
human beings to solve or answer. They are making their con- 
tributions to human society in hundreds and perhaps thousands 
of ways. Clearly they are becoming of great importance, so much 
so that the tide of change which they constitute is often spoken 
of as the Second Industrial Revolution. For, it is compared with 
the First Industria] Revolution, which began in England about 
1760, and consisted of adding inanimate energy such as steam 
and electricity to the muscles of men and animals and the power 
of the wind. In a similar way, the inanimate powers of the new 
automatic computers add enormously to the brains and minds of 
men. 

In 1944 the first of the truly general-purpose machines for au- 
tomatically handling information in long sequences of steps be- 
gan to do useful work. But in the years since then, it has become 
increasingly clear that computers, like air travel and the tele- 
phone, are destined to transform the world as we know it. Why? 
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Because they represent power, enormous power—to answer ques- 
tions reasonably, to influence and make decisions, to provide ap- 
propriate signals to control processes and actions. 


2. Understanding the Second Industrial Revolution 


It is not enough for experts alone to understand the Second 
Industrial Revolution, the computer revolution, the revolution in 
the handling of information. Ordinary human beings, the ordi- 
nary citizens of a democracy, also need to understand the main 
features of the new and marvelous powers of computers. The 
technical details are not too important for this purpose—but the 
essential facts are not very technical and are exceedingly impor- 


tant. For these facts will affect the lives and work of millions of 


human beings. 

What kinds of questions can be answered by these machines? 

What kinds of questions are they not able to answer? 

How will they affect the work and the lives of human beings? 

What degree of social control over these machines is desirable? 

Should they be regulated in the public interest, as is air travel 
and the telephone? 

Should anybody be able to have access to a computer at a 
reasonably low price so that his questions can be answered? 

What is the relation of the computer revolution to the increas- 
ing automatization of manufacturing, the development often 
called automation? 

All these questions, and many others of importance to ordinary 
human beings, need to be considered and studied. It is the main 
purpose of this book to help in that study. 


3. The Nature of Revolution 


Among all the questions, perhaps the first one we should try 
to answer is: Is it really correct to speak of a computer revolution? 
Just what is a revolution, and do we have one in this case? 

Webster's New Collegiate Dictionary (after giving three other 
definitions of the word in other usages) says “4. A total or radical 
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change; as, a revolution in thoughts; specifically, the Industrial 
Revolution, the change following and resulting from the introduc- 
tion of power-driven machinery to replace hand labor, occurring 
in England after 1760. 5. A fundamental change in political or- 
ganization, or in a government or constitution; the overthrow or 
renunciation of one government or ruler, and the substitution of 
another, by the governed; as the American Revolution. . . .” 

Scientifically speaking, a revolution is a break-through, a basic 
or essential discontinuity in something which ordinarily is con- 
tinuous. If you cool water from 45 degrees Fahrenheit to 40 de- 
grees, there is little change; from 40 degrees to 35 degrees, still 
little change; but from 35 degrees to 30 degrees, the water 
changes from liquid water to solid ice, and so there is a very 
marked change, a basic discontinuity, a revolution, in the state 
of the water. 

Now there is no doubt whatever that society’s capacity to solve 
problems has enormously changed as a result of the automatic 
computer. A modern computer can calculate more in ten minutes 
than a man can calculate in fifty years, even if the man is using a 
desk calculating machine. It is undeniable that this is a big and 
radical change. 

Furthermore, quantities of computers are being made and 
bought, and the computers both save money on old tasks and 
enable new tasks to be done which were previously impossible. 


4. Reading, Writing, and Arithmetic Powered 
with Inanimate Energy 


Since the 1850's, it has been rather well agreed that all human 
beings ought to be able to read, write, and do arithmetic. Read- 
ing opens the world of books to a human being. Writing enables 
him to convey information on paper to other people, instead of 
having to talk. Arithmetic enables him to manipulate at least 
some ideas, using symbols for them. 

The computer attaches inanimate energy to all these activities. 
It can read. It can write. It can do arithmetic. 

Present-day computers can take in information prepared in ac- 
ceptable form at the rate of 100,000 characters per second. The 
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machines are stil] rather limited in their powers to obtain ideas 
out of what they read. Usually the ideas have to be expressed 
in machine language by human beings, and so the computers 
most of the time work with numerical ideas and alphabetical 
labels. But this is a limitation that will pass. The computers of 
twenty years from now will have a far more versatile capacity to 
read. 

Present-day computers can give out information or “write” at 
high speed. A modern high-speed printer can type 15 lines a sec- 
ond of 120 characters each, or 1800 characters per second, if it is 
desired to produce something which a human being can read. 
But to produce a record which a computer is to read later, the 
machine can write 100,000 characters per second on magnetic 
tape. There are some indications that this speed will rise too. 

As for arithmetic, computers can perform mathematical and 
logical operations at a rate upwards of 50,000 operations per sec- 
ond. In comparison, a human being is able to do very simple 
arithmetic operations at perhaps 4 per second; but if it is a case 
of multiplying one number by another, the man will take minutes, 
while the computer may take a few millionths of a second. 

So computers in effect motorize reading, writing, and arith- 
metic. 

Will human beings no longer need to read or write? No. Much 
routine mental work will go over to the computer; other mental 
work will be done by human beings; and the recreational aspects 
of reading, writing, and arithmetic will be more highly developed 
than ever before. 

All around us is change due to the Second Industrial Revolu- 
tion, the Computer Revolution. 








CHAPTER 2 


WHAT IS AN AUTOMATIC COMPUTERP 


THE MACHINE THAT CAN BE “EDUCATED AND WILL 
“THINK —THE “GIANT BRAIN” 


1. What Is a Computer? 


Suppose you sit down with pencil and paper and center your 
attention on a problem that needs an answer, such as adding a set 
of figures on an income-tax form with the figures all listed in 
front of you. You proceed to add them, adding first all the digits 
in the right-hand column, then all the digits in the next column 
(remembering any carry), then all the digits in the next column 
(again remembering any carry), and so on—until you finally ar- 
rive at the answer (or an answer, if you are not positive that 
your figuring is correct ). When you do all this, you are computing. 

When you stop at a street corner, look first to the left for any 
oncoming traffic, then to the right, then estimate whether you 
can cross the street without any approaching car coming uncom- 
fortably close to you, and finally decide to cross or to wait on the 
sidewalk—then you are computing. 

When you are walking uphill along a poorly marked trail in 
the woods, wondering if you are really on the trail or have lost 
it, looking everywhere for trail blazes or cairns or any signs that 
other people have often passed that way before—then you are 
computing. 

Whenever you are taking in information or data, performing 
reasonable operations (both mathematical and logical operations ) 
on the data, and are producing one or more conclusions or an- 
swers—then you are computing. 

A machine can also do this. It can take in information or data, 
perform a sequence of reasonable operations on the information 
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it has received, and put out answers. When it does this, it is a 
computer. A very simple example of a computing machine is the 
ordinary business adding machine, which prints on paper tape 
the number entered into its keyboard, and also prints a total 
when the total key is pressed. A complex example of a computing 
machine is a modern automatic digital computer, which in each 
second can perform more than 10,000 additions, subtractions, 
multiplications, or divisions, on numbers of a dozen or more 
decimal digits, all according to a long sequence of instructions 
given to the machine. 

A computing machine is able to take in and store information 
because within the machine there is equipment which can be 
positioned to express that information. For example, an adding 
machine often has ten keys for each column of digits to be added; 
those keys are marked with the digits 0, 1, 2, 3, 4, 5, 6, 7, 8, 9. 
The machine takes in the digit whose key is pressed. For ex- 
ample, when, at the start of a problem, the 6 key is pressed, a 
little counter wheel inside the machine turns from o forward 6 
steps (1, 2, 3, 4, 5, 6) and its setting is changed to 6, and so it 
is positioned to express the digit 6. There the counter wheel will 
stay until it is subsequently changed. So the machine records or 
remembers, or stores information by the arranging or positioning 
of some of the equipment inside the machine. 

A computing machine is able to calculate, perform reasonable 
operations upon information, because the hardware inside the 
machine expresses arithmetical or logical relations, such as add- 
ing or subtracting, comparing or selecting. For example, suppose 
the small counter wheel inside the adding machine is now set at 6. 
Suppose next we set 8 on the keyboard in that same column of 
digits, pressing the 8 key down. Then this action causes that 
counter wheel to turn forward 8 steps (7, 8, 9, 0, 1, 2, 3, 4), 
so that it is now set at 4 (the right-hand digit of 14 equal to 6 
plus 8). Furthermore, there is a small extra side-tooth on that 
counter wheel between 9 and 0, so that when the counter wheel 
passes from g to 0, it nudges the next counter wheel on its left, 
and causes it to turn one step, thus “carrying” 1 into the setting 
of the counter wheel that expresses the next digit at the left. 

A computing machine is also able to put out information, dis- 
play the answers when it obtains them. For example, the adding 
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machine contains a paper tape, and associated with each counter- 
wheel position is a type wheel bearing the digits 0, 1, 2, and so 
on up to g; then whenever the total key is pressed, the paper 
tape, an inked ribbon, and the type wheel are struck together, 
and the impressions of the type are transferred to the paper tape. 


2. What Is an Automatic Computer? 


But you may say “That may be all very well, but this adding 
machine is not really a computer—it is just doing what some hu- 
man being tells it to do at every single step. Whereas when I, a 
human being, work on one of my problems, I perform a long 
chain of steps. Frequently, in fact, I may stop and think just 
which step I am going to perform next. For example, if that 
badly marked trail baffles me enough, I may sit down somewhere 
for a while and think carefully just what I had best do next. But 
this adding machine that you have been talking about—it can’t 
consider any problem like that!” 

Yes, you would have been entirely right, until the year 1944. 
But in that year the first of a new breed of computing machines, 
the first automatic general-purpose computer, came into actual 
existence and began to operate, It was the Harvard IBM Auto- 
matic Sequence-Controlled Calculator, which that year started to 
do useful work in a laboratory in Cambridge, Massachusetts, the 
result of a joint development project by Professor Howard H. 
Aiken of Harvard University and International Business Machines 
Corporation. 

This automatic computer had a truly important additional 
facility. It had a long loop of punched paper tape that stored a 
long sequence of instructions—in fact, a set of instructions with 
no specified limit—for adding or subtracting, multiplying or divid- 
ing, comparing or selecting, etc., depending on the step it had 
reached. Calculations were organized into repeating cycles of 
steps, round after round. The machine was able to call for and 
pick up the numbers it needed at each step, perform the specified 
operation, store the result, and then go on to the next step. This 
property in a computing machine was new, and marked a very 
important break with the past. 
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But one more step remained to be taken and was taken in 
1946 and 1947. This was to remove the long sequence of instruc- 
tions from outside the machine and instead place them inside 
the machine, in the machine’s internal storage warehouse of in- 
formation. Then the machine itself could select, as might be 
needed or called for, the numbers or instructions required at each 
step, and in this way solve the problem. 

And so, an automatic computer is a machine which is able to 
take in and store information (problems, numbers, instructions 
. . .), perform reasonable operations on the information as may 
be required in the course of solving a problem, and put out 
answers. 


3. What Is Information? 


The definitions we have given above depend on the meaning 
of two important ideas, “information” and “reasonable operations”. 
Let us try to clarify these ideas. 

Information, from our own point of view as a human being, is 
likely to be thought of as one or more statements of facts, such 
as “The population of the world became more than 2.6 billion 
people during the 1960’s.” In other words, information is certainly 
what you find in a dictionary, telephone book, or textbook—but 
hardly at all what you find in a novel, story, or fairy tale. 

Information, from the point of view of a computing machine, 
is not the same. Instead, it is a set of marks or signs that have 
meaning. These consist of letters or numbers, digits or characters, 
typewriter signs, other kinds of signs, and so forth. A computing 
machine reacts differently to different digits or characters, and 
reacts to them as units that have meaning. For example, if the 
computer is instructed “Add 365 the number of times stated in 
register R,” and if register R stores the code for the number 3, 
the computer will perform that operation 3 times. There exist 
other machines that deal with information but pay no attention 
to the meaning: this is true of a television pickup camera, a 
printing press, a facsimile copier. But a computing machine 
groups together a set of say 10 to 20 digits or characters that 
belong together, treats them as a unit (which is often called a 
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“machine word”), and is so constructed that the number 587.66 
stored as marks in one register is treated as exactly equivalent to 
and interchangeable with the number 587.66 stored in any other 
register. 

Physically, the set of marks is a set of arrangements of some 
physical equipment. One of the characteristic ways of storing in- 
formation in a computer is as a set of small magnetically polarized 
spots on a magnetic surface. An arrangement of spots “south- 
north, south-north, north-south, north-south, north-south, south- 
north” could stand for a code made up of ones and zeros as 
follows: 1 10001. And this code might stand for, say, the letter 
M. The same code 1 1 0 0 0 1 occurring anywhere in the storage 
registers of the machine would also stand for the letter M. 

The aspect of meaning that a computer can be said to “under- 
stand” is the aspect of logical or mathematical consistency among 
the information, instructions, and operations that the computer 
deals with. The computing machine has, of course, no knowledge 
of the “meaning” of an M or a g or of other information as it 
may occur in many sorts of situations in human society. 


4. What Are Reasonable Operations? 


The other idea that needs to be clarified in order to under- 
stand an automatic computer is “reasonable operations” upon 
information. These are mathematical and logical operations. 
Mathematical operations include addition, subtraction, multiplica- 
tion, division, taking a square root, etc., and also more advanced 
mathematical operations, such as the operation of algebra called 
“raising to a power” and the operations of calculus called “dif- 
ferentiating” and “integrating”. These are operations on infor- 
mation which is in the form of numbers or of mathematical 
expressions much like numbers. 

Logical operations include comparing, selecting, sorting, match- 
ing, merging (which is the placing of two separate sequences 
into a single sequence, as might be done with playing cards), ete. 
These are operations which may be performed either on numbers 
or on expressions made out of letters such as ordinary words. By 
skillfully assembling these operations in various ways, quite com- 
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plicated reasonable operations may be arrived at, such as those 
that occur in translating from one language to another. For ex- 
ample, automatic computers have successfully translated from 
Russian to English, although so far they have been unable to 
handle really large vocabularies. 

A particularly important logical operation performed by a com- 
puter is determining, at some time in a calculation, which of two 
operations called for in the instructions is to be performed next; 
the computer makes the decision by applying a rule (given to it) 
to a calculated result which is accessible in storage (becomes 
“known” ) only when that time in the calculation has arrived. 
This is called a branching operation. 


5. Some Properties of Reasonable Operations 


Now “reasonable operations” on information have some inter- 
esting and remarkable properties: 

—they do not question the objective meaning of the starting 
data or facts; 

—they do not question the objective truth of the starting 
statements or conditions; 

—but they do find out (or calculate or compute) the con- 
sequences or implications contained in the starting data 
and statements. 

For example, let us take the following statements: 

1. The earth is still, and the sun goes around the earth, in a 
path that is nearly a circle. 

2. The sun is still, and the earth goes around the sun, in a 
path that is nearly a circle. 

3. Mars, Venus, and the other planets go around the earth 
in very complicated paths (called epicycles). 

4. Mars, Venus, and other planets go around the sun in sim- 
ple paths (called ellipses) which are nearly circles. 

Let us also take a context in which we know what we mean by 
such words as “sun”, “earth”, “path”, “circle”; and in which we 
have other statements and understandings such as “The sun ap- 
parently goes around an observer on the earth, passing from east 
to west during the day.” Then if we start with statement 1, state- 
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ment 3 can be computed to be true; and if we start with state- 
ment 2, statement 4 can be computed to be true. 

A computer (human or machine) specializes in deriving con- 
clusions (logical or mathematical) without regard to the objec- 
tive truth of the starting data. 

Another property of reasonable operations is important for us. 
This is the fact that since they do not depend on objective mean- 
ing or objective truth, a great deal of time is saved in calculation. 
For instance, to add 222 and 555 and obtain 777 for the answer, 
neither the person computing nor the computing machine has to 
remember or in some way “conceive of” the meaning of these 
numbers. When we have a satisfactory kind of language—either 
of symbols on paper or arrangements of hardware in a machine— 
then the reasonable operations can be carried out with the sym- 
bols or the arrangements only. 

And finally, if the premises correspond with the real world, 
and if the reasonable operations are correctly carried out, then 
so do the conclusions correspond with the real world. 

From the point of view of a philosopher, it is curious that the 
patterns of marks or signs or symbols can imitate, can correspond 
with, patterns of objects in the real world—in much the same 
way as an architect's drawing can correspond with a building. 
The patterns of symbols picture the structure of portions of the 
real world. And instead of manipulating the reality with difficulty, 
we can manipulate the symbols with ease. 

To take a very simple example, suppose a farmer has a flock of 
222 sheep and a second flock of 555 sheep, and we want to know 
the total. We put down the six marks “2, 2, 2, 5, 5, 5” on paper, 
combine them by rules that are certainly mechanical since they 
do not require us to “think” of their meaning, and we come out 
with an answer, “a total of 777 sheep”. And this is a true statement 
about the real world, determined without doing anything at all 
with the sheep. 

Billing 4 million customers of a public utility according to their 
actual use of gas or electricity and billing them each month by 
the operations of an automatic computer is a much bigger and 
far more important example. But the situation does not differ in 
quality, in essence—only in degree. 
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6. How Is a Computer Organized? 


Now you may say “Well, I can see many of the possibilities 
that you are describing. But specifically just how can a machine 
be arranged or constructed to do all the different kinds of reason- 
able operations that may be needed to work out the solution to a 
problem? and how does it perform them, all in the proper se- 
quence, with the utmost tidiness—completely and accurately?” 

This is an important question, but the answer is a little long. 
(See Figure 1.) 

First, the machine must have a way of taking in information. 
The part of the computer that takes in information is called the 
input unit. For the machine to accept it, information cannot yet 
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be in the form most customary to human beings, spoken lan- 
guage; that presents very great difficulties to these machines. In- 
stead, information has to be in the form of digits, 0, 1, 2,3, 4... 
g, or characters, A, B, C,...& ¢... . Even these marks have 
to be translated, usually by human beings—typists and clerks— 
into specially prepared symbols that the machine can accept; one 
example is punched holes in a card of standard size, which is 
the form of many payroll checks nowadays; another example is 
punched holes in continuous paper tape, which may be used in a 
telegraph office to send a telegram. 

Second, the machine must have a way of putting out informa- 
tion. The part of the computer that puts out information is called 
the output unit. The computer can easily put out information in a 
form acceptable to human beings. For example, the computer may 
give impulses to an electric typewriter, so that the keys are en- 
ergized in the proper sequence to type out a message in ordinary 
typed characters which a human being can read. But in some 
cases, as in giving signals to an airplane pilot coming into an air- 
field for a landing, the computer may release the sound record- 
ings of appropriate statements so that the pilot is told in spoken 
words over his radio just what he needs to know. 

Third, the machine must have a way of storing information. 
The part of the computer which stores information is called stor- 
age or memory. Information that is stored inside a computer is 
stored in locations or registers, units of hardware in which the 
positioning of physical objects stores information. Each one or- 
dinarily holds one “machine word”, consisting usually of 10 to 
20 decimal digits or characters, or their equivalent. The number 
of separate registers which the computer can “consult” or “look 
into” whenever desirable or necessary is usually somewhere be- 
tween 1000 and 15,000. The time required for referring to a speci- 
fied register and copying out the information contained there is 
called the access time; it usually amounts to a few millionths of 
a second or less in modern fast computers. But this time may be 
reduced to a tenth of a millionth of a second in computers that 
are currently being designed. A characteristic way in which in- 
formation is stored inside a computer is in the form of the polari- 
zation north-south or south-north of small magnetic cores, about 
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8 hundredths of an inch in diameter, each core storing one “yes” 
or “no”, one bit of information. 

Fourth, the machine must have a way of performing reasonable 
operations on information. The part of the computer that does 
this is called the calculating unit or arithmetical unit. This unit 
of the machine has only a small memory or storage, usually for 
not more than 5 machine words, more customarily 3. But this 
unit is capable of performing automatically addition, subtraction, 
multiplication, division, comparing, selecting, and other mathe- 
matical and logical operations, such as may be called for by the 
instructions given to the machine. The number of different kinds 
of operations which the arithmetic unit can perform on request 
is usually between 10 and 50. More complicated operations are 
achieved by combining simpler operations according to a se- 
quence of instructions. 

Fifth, the machine must have a way of allowing information 
to flow through it. The channel along which information flows is 
usually called the buss; it consists of wires or coaxial cable run- 
ning between all the registers, in input, output, storage, and cal- 
culating units. The buss is organized like a railroad, with a main 
trunk line running through the whole computer, and a large num- 
ber of sidings, allowing freight cars of information to enter or 
leave numerous stations or platforms all through the computer. 
The memory inside the computer needs to be very well equipped 
with sidings—if we are to succeed in selecting any one of 15,000 
numbers in a few millionths of a second. But some of the selection 
is often achieved by calling at just the right instant of time for 
a number when it is available. For example, if the memory is 
expressed as polarized spots on a magnetic drum rotating at high 
speed, you control to the millionth of a second just when you 
call for the number that you want, and at the time your call 
becomes effective your number is whisked off the surface of the 
drum because when you call, it is just exactly at the reading 
point. 

A machine word of ten characters in length may be moved 
through the machine on ten separate wires, the whole ten wires 
constituting the buss. Or, there may be a timing arrangement so 
that at ten successive times the ten characters in your number 
make use of a buss of a single wire, each character using it at 
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a separate time. This is like the principle of the telephone, where 
one wire is sufficient to carry all the information which you wish 
to send through the system. 

Sixth, and finally, the machine must have a control section. 
This is the section of the machine which connects and discon- 
nects sidings, which switches registers into the buss and un- 
switches them. The control unit is regularly in charge of carrying 
out the instructions given to the machine, of executing the se- 
quence or program of instructions. In all computers the control 
section takes in commands which are essentially of just exactly 
the same form in each step: 


Take the machine word from register . .. ; put it in regis- 
ter . . . ; and pick up the next order from register. . . . 


It is truly amazing that all the vast variety of operations per- 
formed by automatic computers can be organized as repetitions 
of this single general form of instruction or its equivalent. There 
are variations from one machine to another but we do not need 
to go into these variations here. The control register in the con- 
trol unit contains the current instruction for the machine at each 
cycle, saying what register to take information out of, what regis- 
ter to put information into, and what register contains the next 
instruction to be executed, 

Once an automatic computer is organized in this way it is a 
completely general-purpose machine. It can carry out any se- 
quence of instructions, any program which can be expressed ex- 
actly and translated into its command code. 


7. What Is Programming? 


The word “program” has come into use to refer to the sequence 
of instructions which the machine carries out. It is more useful 
than the words “routine” or “schedule” or “sequence” and en- 
ables more linguistic compounds to be made, such as the verbal 
form “programming” and the noun “programmer”. A program 
for a computer is an exact sequence of instructions that it uses 
to solve a problem. Many programs are composed in such a way 
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that portions of them, called subprograms or subroutines, can be 
selected and copied from a library of machine programs (proba- 
bly on punched paper tape or magnetic tape). This re-use saves 
the human labor of looking up the previous subprogram and 
copying it. An example is the program for finding the square 
root of a number. (A square root of a number N is a number x 
such that x times x equals the number N; for example, 5 is a 
square root of 25, since 5 times 5 equals 25.) The solutions of 
many mathematical problems require the finding of square roots; 
and clearly the most efficient sequence of computer commands 
to find square root needs to be determined only once. 

Programming for automatic computers has become an impor- 
tant occupation in the computer field. A good deal of knowledge, 
common sense, and training is needed to program well, for it 
requires: (1) understanding the operations of a business or the 
steps of a scientific calculation; (2) understanding the best ways 
for having a computer carry out these operations and steps; (3) 
arriving at a good sequence of commands for the computer to 
solve the problem; and (4) adequately translating these com- 
mands into computer language. In fact, programming has proved 
a serious bottleneck in many applications of computers, and so 
a good deal of effort among computer manufacturers has gone 
into methods of automatic programming. This has taken several 
forms. 

One form is the construction of compiling programs or com- 
pilers, which use the computer to take subprograms out of a 
library and hitch them together appropriately so as to solve a 
new problem. A second form is the construction of programs 
called interpreters, which accept instructions in certain standard 
words and translate these words into machine language, so that 
the machine “knows” what the words “mean”. A third form is 
the development of common languages for automatic program- 
ming for problems, so that any problem when expressed in such 
a language can be given to an automatic computer, and the com- 
puter will solve it. It is expected that these languages will be 
common among different species of automatic computers, and 
therefore that any automatic computer anywhere will be able to 
solve the problem if expressed in this language. Business prob- 
lems are less amenable to this development than mathematical 
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problems, but there are important general automatic program- 
ming languages which automatic computers can interpret and 
use. 

Computer manufacturers have encouraged the formation of 
groups of users of their machines, resulting in an exchange of 
programs among users. This has been an important factor in the 
development of automatic programming and a common language 
for giving programs to computers. 


8. Can You “Educate” a Computer? 


An automatic computer with a library of programs and a gen- 
eral language in which you can instruct the computer to solve a 
vast variety of problems is rather different from an automatic 
computer with just the same hardware but with no programs, 
and all the programming to be done from scratch. It is natural 
to call the first kind of computer an “educated” computer, and 
it is easy to see that the “education” of computers will increase 
with no specified or assignable limits. 

Eventually more and more problems of mathematics and busi- 
ness, industry and government, war and peace, society and sci- 
ence, will become programmed for computers. More and more 
tapes of programs will be available for placing on any computer. 
The amount of knowledge which a computer will have access to 
will begin to tower above the amount of knowledge which a 
human being has access to. If we are willing to use the word 
“educated”, a computer with its storehouse of programs will be 
more educated than a human being, in a great many different 
areas, 

After all, what is the education of a human being? It means 
putting into his control the keys to the storehouse of knowledge 
which the human race has compiled over 5000 years of recorded 
history and more thousands of years of unrecorded history. In 
the training of a human being, to be able to read is probably 
the first and most important ability, for this is the ability which 
enables the human being to turn the key in the lock to the 
treasury of recorded knowledge. So also for computers, the ca- 





20 THE COMPUTER REVOLUTION 


pacity to interpret a program, the capacity to take in informa- 
tion, is a key to using a library of programs. 

Just as the education of a single human being depends on the 
information, knowledge, and wisdom collected by great numbers 
of human beings preceding him, so the education of computers 
depends on a social enterprise also. Only the processes are dif- 
ferent. The computer is fast in learning, the human being slow. 
The programmed computer remembers exactly everything it is 
told until its memory is wiped out by a new program; the human 
being can remember only a part of all that he is told, but that is 
not voluntarily erasable. 


g. Does a Computer Actually “Think”? 


Are there any limitations to the nature of problems that com- 
puters, automatic machines for handling information, can handle? 
Can these machines actually “think”? If not now, will they even- 
tually “think”? Is it correct to call them “giant brains”? 

To begin the discussion of this. much-argued topic, let us con- 
sider first the meaning of the word “think”. This word acquired 
most of its meaning years, in fact centuries, ago. Until 1944, 
when the first automatic computer first operated, the meaning 
of the word had not received any shocks from experience with 
machines. 

The applicability of the word to various kinds of situations in- 
volving reasoning and judgment was established almost entirely 
in the years before automatic computing and data-processing 
machines were invented. 

As one result, when the word “thinking” is applied to machines, 
the connotation of the word “thinking” arouses emotional reac- 
tions in people. 

As a second result, there is an uncertain and fuzzy area in the 
meaning of the word “thinking” when it is applied to novel situa- 
tions. The operation of automatic machines that handle informa- 
tion reasonably and automatically is a novel situation. 

Therefore, a good deal of the argument about whether or not 
a machine can think is fruitless, because it reduces to an empty 
argument over whether or not some kind of specific activity (for 
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example, adding 2 and 3 and obtaining 5) is or is not to be 
included under the term “thinking”. In the uncertain and fuzzy 
areas, different people will define “thinking” in different ways. 

There is no doubt at all, however, that up until the time when 
machines began to do reading, writing, arithmetic, reasoning, 
and looking up data in records, all these activities would have 
been classified as “thinking”. If a dog or chimpanzee or other 
animal had ever done these things, the animal would have been 
classified as “thinking”. 


10. Operations That May Be Called Thinking Operations 


A second (and more sensible and important) part of the argu- 
ment whether or not machines can think is based on examining 
a list of operations that may be called “thinking” when per- 
formed by an educated human being, and comparing the analo- 
gous operations when performed by a programmed computer. 
Let us contrast briefly the human being and the computer: 


Operations by Human Being Operations by Computer 

I. Included in Schooling 

Taking in information 

Putting out information 

Control over format so that out- 
put is produced with a satisfac- 
tory appearance 

Arithmetical unit of the computer, 
and some programming 

Storage of certain information in 
the memory units and magnetic 
tapes of the computer 

Machine translation from one Jan- 
guage to another 

Capacity to compose sentences 
having meaning (this capacity 
is shown to be possible in the 
work reported later in the book 
on “conversation with a com- 
puter”) 


Reading 
Writing 
Spelling 


Arithmetic, mathematics 


History, geography, literature, so- 
cial studies, etc. 


Foreign languages 


English composition 
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II. Not Included in Schooling 


Capacity to look around, see, and Present to some extent in radar 


recognize various features of 
the environment 


Capacity to listen to spoken lan- 
guage and extract phonemes 
(unit speech sounds) from 
them 

Capacity to put strings of pho- 
nemes together into words 

Capacity to take strings of words 
and get an idea out of them 

Capacity to take ideas and put 


tracking scopes, optical devices 
for reading characters, mag- 
netic-ink-character recognition, 
etc. 

Not present in any existing ma- 
chines but being worked on 
actively 


Clearly reducible to a program 
for a computer 

Present in today’s computers in 
mathematical and logical areas 

Present in today’s computers 





them into words 
Capacity to combine ideas in new Present in today’s computers 
ways to solve problems since successful programs have 
been written for problem-solv- 
ing in both mathematical and 
general fields 


This evidence shows how remarkable is the extent to which 
thinking operations of human beings can be performed by a com- 
puter. And this is true even though the status of computer ac- 
complishments here reported is less than twenty years since the 
first automatic computer began to operate. 

With this list of thinking operations in front of us, we can ask 
“Are there any human thinking operations inherently beyond the 
capacity of computers?” The answer is clearly “No”, if human 
beings understand that operation well enough so that it can be 
programmed for a computer. And even in the case where the 
operation is not understood that well, there is some evidence that 
a computer can be programmed to perform it: all that is neces- 
sary is that the computer be instructed “right” or “wrong” when it 
has completed the operation. Take, for example, a learning ma- 
chine announced in 1961 called the “Cybertron”, developed by a 
division of the Raytheon Company in Norwood, Massachusetts. 
The Cybertron machine “learns” by trial and error, relating new 
situations to past experience, and continually improving its skill, 
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receiving only signals “right” or “wrong” from its human teacher. 
One of the problems submitted to the Cybertron was separating 
true radar target signals from spurious radar signals. The machine 
was able to do so, “learning” by successive trials and approxima- 
tions, and it was also able to report what it learned. The learned 
method actually provided information for the design of filters to 
extract more valid information from radar signals than was pre- 
viously possible. The machine figured out for itself methods of 
attack, and gave increasingly better answers; then it was “in- 
structed” to “tell” the method it worked out in order to arrive 
at the “best” answer. 

So, from the scientific point of view, we cannot detect any 
insuperable scientific obstacle, any theoretical barrier. The dif- 
ferences between human being and machine are differences of 
degree rather than quality. Only those thinking operations which 
are not well understood, and which therefore cannot be expressed 
or explained precisely, may perhaps be beyond the limit of what 
is programmable on a computer. 


11. Differences between Human Being and Computer 


But there remain marked differences. First, a human being 
comes as a whole. It is not possible at will to cut off from him 
quantities of certain kinds of thinking behavior, in the way that 
certain kinds of programs can be taken out of a computer. Also, 
it is not possible to add into a human being, in a minute or two, 
quantities of certain other kinds of thinking behavior, in the way 
that certain other programs can be put into a computer. Probably 
no human being will ever change his personality entirely in one 
minute, in the way that a program taken out of a computer and 
another program put in changes its personality. 

Second, take the matter of memory. A human being has a 
rather small and rather uncontrolled memory. A computer has a 
very great and completely controlled memory. The famous epi- 
gram about the Bourbon kings of France, “They learned nothing 
and forgot nothing”, leads to a parallel epigram for computers, 
“They will learn anything and forget anything”. 

Third, you can unplug a computer, disconnect it from a source 





24 THE COMPUTER REVOLUTION 


of energy, turn it off whenever you wish, and plug it in again 
later when you wish. (Perhaps this would not apply to a truly 
automatic robot exploring the moon equipped with a self-pre- 
serving program.) But it is undesirable and illegal to put a hu- 
man being in a completely nonoperating state, and once this is 
done, the human being can never be returned to an operating 
state—he is dead. This difference affects our mental picture of 
thinking behavior in a human being and in a computer. 


12. Do Programs Do the Thinking and Not the Computer? 


Shall we say then that the programs do the thinking and not 
the computer, and point out that “the programs are made by 
human beings”? 

It is true that many (but not all) programs are made by hu- 
man beings. But it is truer to say that programs are made as a 
result of cooperative activities by both human beings and com- 
puters. No long program would have more than a bare chance 
of operating correctly if it could not be tried on a computer, and 
the errors in it thereby corrected. In addition, more and more 
of the burden of programming a computer is being shifted to 
the computer. For example, a new computer, before its construc- 
tion is finished, may be simulated on an old computer, and the 
old computer may be instructed to translate its programs into 
programs suitable to the new computer, and then these programs 
may be “debugged” (errors found and removed) on the simu- 
lated new computer. Also, computers make programs and im- 
prove programs; and this will happen to a much greater extent 
in the future. Some automatic computers have been programmed 
to learn, and to learn from their mistakes, and there will doubt- 
less be much more of that in the future, as human beings find 
out more about how to instruct a computer to explore problems 
and learn from the computer’s own exploration of a problem. 
One field where this may apply is chess: the forecast has been 
made that during the next ten or twenty years the world’s cham- 
pion chess player will become an automatic computer. 

The plain answer to the question is that “It is the programmed 
computer which does the thinking.” 
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13. Questions That Computers Cannot Answer 


From the argument that a computer can “think”, according 
to any rational, objective definition of thinking, it might be 
claimed that a computer can answer any question where it is 
conceivable that human thinking can give an answer. 

This, however, seems not to be true. There are a number of 
kinds of questions which can be asked and about which people 
ordinarily agree that human thinking can or does give an ac- 
ceptable answer to, and yet it is hard to imagine how computers 
can give an acceptable answer to such questions. 

Take the question “Is there a supernatural deity?” Many hu- 
man beings unhesitatingly answer this question with a “Yes”. 
Others answer it with a “No”. If you inquire of the persons who 
give the answers, many of them will offer evidence, and give 
reasoning for their answers, and they will assert that they have 
reached their answers by “thinking”. Yet the only kind of answer 
to this question that a computer can give will be an answer 
based on a program given to it, and the program will be supplied 
by human beings, and the answer will be implied or deducible 
from the assumptions of the program put into the computer by 
the human beings. 

Or take a question that might go through the mind of a de- 
fense lawyer in a criminal trial. “If I present the argument that 
my client was really burglarizing a house down the street and 
not that house, what effect will that have on the jury?” The 
lawyer is likely to reach a decision on his question as the trial 
proceeds, and if you ask him, he will likely say that he arrived 
at his decision by weighing possibilities and thinking. But if the 
same question were programmed for answering by a computer, 
the programmers themselves would have to investigate and make 
decisions about factors and elements which might never have 
been in the mind of the lawyer. 

Or take the fairly simple case of the recognition of a friend’s 
face. In such a case the computer will be “at a loss”, i.e., without 
a program. John Jones can recognize the face of his friend Samuel 
Smith, from among thousands of other people, even if Smith’s 
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face contains no particular distinguishing marks. But it is hard 
to imagine how a computer could be programmed, given thou- 
sands of pictures of people to scan, so that it would recognize 
the face of Samuel Smith, distinguishing between very small dif- 
ferences of facial detail, so that the computer could unerringly 
declare (in computer language), “Why, that is Samuel Smith!” 

One of the basic reasons for the difficulty in programming the 
computer is that John Jones cannot explain specifically and ex- 
actly what methods he uses for recognizing the face of Samuel 
Smith. And it is conceivable that Jones actually uses not only 
details of Smith’s face but also details of context and surround- 
ings—so that if Smith were dressed in unusual clothes and were 
encountered walking along a street in a strange city, Jones would 
not recognize him. Perhaps a machine like the Cybertron could 
recognize the face of Samuel Smith if John Jones stood by it and 
said “right” and “wrong” for a large number of the machine’s 
attempts at scanning and recognizing faces. However, not until 
the recognition of faces has been thoroughly investigated in 
laboratories is it likely that this question can be satisfactorily 
answered. 

A second basic reason for the difficulty in programming the 
computer to answer any question that human thinking can con- 
ceivably answer is this: an elaborate, trained judgment of the 
real world is often an inescapable ingredient for answering a 
question. The world impinges on our consciousness as an enor- 
mous undifferentiated chaos of matter, events, and radiation. One 
of our first operations on this chaotic real world is to compart- 
mentalize it with language; yet every human society does this 
differently. For example, the English have two words, “clock, 
watch” where the French have three words, “montre, pendule, 
horloge”; the two nations compartmentalize reality in different 
ways. How is a computer to know whether to call such and such 
an object by such and such a name? 

A computer cannot answer all the questions that may be asked. 
Nor is it likely to be able to give acceptable answers to all the 
questions that a human being asserting he is thinking can give 
acceptable answers to. 
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14. Thinking by Computers 


The tide is running strongly in the direction of more and more 
thinking abilities becoming parts of the powers of computers. 
An engineer is well guided when he says, “If human thinking 
can do it, then a computer ought to be able to do it.” 

It can be rationally asserted that computers can or will per- 
form all specified operations of thinking. Although computers do 
only what they have been programmed to do, or have learned 
to do, yet human beings also, certainly the vast majority of them, 
do only what they have been programmed (educated, trained, 
accustomed ) to do—subject to some kind of random or unpredict- 
able factor, which also can readily be inserted into a computer 
whenever desired. 

It is very clear that if a problem can be made definite, and the 
rules for solving the problem can be made definite, then a com- 
puter can deal with the problem and solve it, provided the num- 
ber of calculating operations takes less than a reasonable number 
of years, 

The power of a great computer to solve problems for which 
it is suited exceeds the power of a million human brains, even 
assuming these million brains could be perfectly coordinated. 

Since experience with really capable computers dates only 
from 1944, it would be rash to insist that after 100 or 200 years 
more these machines will not be “thinking” according to any 
rational, objective definition of thinking. 











CHAPTER 3 


HOW DID IT HAPPEN? 


A SHORT HISTORY OF COMPUTERS 


Although the first modern automatic computer began to work 
as recently as 1944, the story of the development of ideas, de- 
vices, and machines entering into that automatic computer goes 
back a long time into the past. Problems of calculating with num- 
bers, and recording numbers, have pressed upon human beings 
for more than 5000 years. An interesting example consists of 
baked clay tablets from ancient Babylon which record the use 
of numbers and computation in business transactions. Many of 
these tablets relate to agreements before 2000 B.c. between farm- 
ers and priests about the rent of land from the temple in return 
for a stated share of the produce grown. 

Out of this long experience, little by little, the ideas. that enter 
into the dream and eventually the construction of a complete 
automatic computer appear, and the ideas become incorporated 
into devices for doing computing that finally evolve into the 
automatic computer. 


1. The Idea of Objects to Count With 


Probably the first of the ideas used to deal with numbers is 
the idea of using small objects, pebbles, or seeds, or shells, to 
count with, to supplement the fingers. For then you can refer to 
a number as “the number of pieces in a certain box”, or bag or 
other container, even if you have no name for the number. 


2. The Idea of “Ten Of” 


People, however, find it troublesome to count only in units— 
it takes too much time and effort. So very early a second idea 
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appears: the idea of composing a new unit equal to ten of the 
old unit. The source of this idea is clearly the fact that a man 
has ten fingers; so for this reason you could designate 87 by re- 
ferring to all the fingers of eight men, and then seven more fingers 
on one more man. 


3. The Idea of Specialized Places for Counting 


In order to deal with numbers in their physical form of counted 
objects, a third idea appears: a specialized, convenient place 
upon which to lay out the counted objects. Such a place may be 
a smooth piece of ground, a slab of stone, or a board. 

It becomes convenient to mark off areas on the slab according 
to the size of unit you are dealing with—you have one area for 
ordinary units, one area for tens, one area for hundreds, and so on. 

These developments gave birth to the abacus, the first com- 
puting machine. This device consisted of a slab divided into 
areas, and a supply of small stones for use as counters or objects 
to keep track of numbers. The Greek word for slab was abax, 
and the Latin word for the small stones was calculi; and so the 
first computing machine, the abacus, was invented, consisting 
originally of a slab and counting stones, and later on of a frame 
with beads, for keeping track of numbers while calculating. (See 
Figure 2.) The system of numbering and the abacus go hand 
in hand together. The abacus is still the most widely used com- 
puting machine in the world. 

Growing out of the abacus and the system of numeration, and 
their mutual effects upon each other, came the ideas of further 
specialized places or positions, culminating in the Arabic posi- 
tional notation for numerals which reached Western Europe in 
the 1200's. Just as the small counting stones or calculi could be 
used in any area on the slab, so the digits 1, 2, 3, 4, 5, 6, 7, 8, 9 
could be used in any position of a numeral. Just as the position 
on the slab answered the question as to whether units, tens, 
hundreds, etc., were being counted, so the place or column or 
position in the number (as in 4786 with its four places) answered 
the question as to what kinds of units were there being counted. 
And—this was the final key idea—just as a place on the slab could 
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be empty, so the digit o could mark “none” in a place or column 
of a number. 

That idea, by the way, required centuries to develop. The 
Romans did not have a numeral for zero; but about 300 B.c. in 


FIGURE 2. 
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(a) Logical diagram of the Egyptian abacus and numerals 
(circa 2000 B.C.). 
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(b) Logical diagram of the Roman abacus and numerals 
(200 B.C.-A.D. 100). 
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(c) Scheme of the Chinese abacus, frame and beads. 


Babylon a symbol for zero was used. Then the Hindus developed 
the numerical notation that we call Arabic. The Arabs used the 
word sifr, meaning “vacant”, about a.p. 800 for “zero”. About 
A.D. 1200 the Arabic word was transliterated into Latin, giving 
rise subsequently to the two English words “cipher” and “zero”. 


4. The First Adding and Multiplying Machines 


The first machine which would add numbers mechanically was 
invented by the French mathematician and philosopher Blaise 
Pascal in 1643. It contained geared counter wheels which could 
be set at any one of ten positions 0 to g. Each gear had a little 
tooth for nudging the next counter wheel when it passed from 
g to 0, so as to carry 1 into the next column. The machine also 
had small latches which could be positioned to insert a number 
into a counter wheel. 

Some thirty years later, in 1671, the great German mathe- 
matician, G. W. Leibnitz, invented a device which would control 
automatically the amount of adding to be performed by a given 
digit, and in this way he invented the first multiplying machine. 

These machines and their improved successors began to be 
commercially made and sold in the 1800's. They have given rise 
to electric-powered but hand-operated adding machines and 
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desk calculating machines which are found throughout offices in 
the United States today. 





5. The Idea of the First Automatic Computer 





The idea of an automatic machine which would not only add, 
subtract, multiply, and divide but perform a sequence of steps 
automatically, was probably first conceived in 1812 by Charles 
Babbage, a professor of mathematics at Cambridge University, 
England. He set out to build an automatic computer, which he 
called a difference engine because he intended to use the ma- 
chine to compute mathematical tables by adding differences. Let 
us stop for a moment and explain what this means. 

A mathematical table is ordinarily a list of associated numbers 
which have some kind of use. For example, the time of high tide 
and low tide at Southampton, England, each day for the month 
of August 1812 would be a mathematical table. Suppose the 
moon rises exactly one hour later each day; then from moonrise 
to moonrise is 29 hours; and high and low tides will be 6% hours 
apart. Suppose that on August 14, high tide was at 12 noon ex- 
actly. Then low tide would be 6% hours later, at 6:30 P.M.; the 
next high tide would be at 1:00 a.m., August 15; the next low 
tide would be at 7:30 a.m., August 15; the next high tide would 
be at 1:00 p.M., August 15; and so on. We are determining the 
times of high tides and low tides by adding differences, Bab- 
bage’s intended method. 

Having done this work once and for all, we can publish the 
table (usually published in an almanac) and urge its use, saying 
“For any day in August 1812, you can find the times of high tide 
and low tide by looking in our almanac.” 

Let us take another example. Suppose we want to make a 
table of cubes—the cube of any number ~x is x times x times x, 
that is, x multiplied by itself two more times. Suppose we know 
that the cube of 10 is 1000, the cube of 11 is 1331, the cube of 
12 is 1728, the cube of 13 is 2197, and the cube of 14 is 2744; 
that is all we have for results at the moment. Suppose we want 
all the cubes for 15, 16, and so on. We can construct this table 
by adding differences several times. Here is how: 
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(1) (2) (3) (4) (5) 
x x8 1st diff, ond diff. grd diff. 
10 1000 331 66 6 
11 1331 397 72 6 
12 1728 469 78 6 
13 2197 547 84 6 
14 2744 631 go 
15 3375 721 


16 4096 


(1) We write down in the first column the numbers 10, 11, 
~ 13, 14, 15, 16, and so on, to keep track of which cube we 
lave, 

(2) In the second column we write down the cubes that we 
know: 1000, 1331, 1728, 2197, 2744; and so on. 

(3) In the third column we subtract and write down their 
differences: 1331 minus 1000 is 331; 1728 minus 1331 is 397; and 
80 on. 

(4) In the fourth column, we subtract again and write down 
the differences of the first differences: 397 less 331 is 66; 469 
less 397 is 72; and so on. 

(5) In the fifth column we write down the differences of the 
second differences; 72 less 66 is 6; 78 less 72 is 6. 

(6) We notice that the fifth column has what seems to be 
constant (unchanging) differences 6; they do not change. All 
right: let us carry forward this column unchanged, and then 
proceed to add successively column by column, 6 and 78 is 84, 
84 and 547 is 631; 631 and 2744 is 3375. 

(7) Is 15 cubed 3375? It is. We now find to our glee that 15 
cubed is 3375. Continuing the process of adding differences, 6 
and 84 is go, go and 631 is 721, 721 and 3375 is 4096, and 4096 is 
16 cubed. And so we have found out a simple process of adding 

using prior results which replaces a complicated process of multi- 
plying out 15 times 15 times 15 and 16 times 16 times 16, and 
so on. The process will work as well for getting the cube of 
43769 from the cube of 43768 as it works for getting the cube of 
15 from the cube of 14. 

This trick is general. A vast number of mathematical tables 
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that mathematicians and scientists are interested in behave in ; 
this way—they can be carried forward by adding differences or 


by performing rather simple arithmetic on differences. This is 
why Babbage’s idea of a difference engine made a good deal of 
sense. Of course, Babbage’s mathematical tables would have been 


much more complicated than these, and would have been di- 


rectly useful in navigation, astronomy, and elsewhere in the prac- 


tical problems confronting the English business and scientific 


world of the time. 
Babbage intended that his machine should compute the mathe- 


matical values to be tabulated and print out the results. No at- | 


tention would be needed from the human operator, once the 


starting data and the method of computation had been set into 


the machine. 
He gained the attention and interest of the British govern- 


ment, and construction was begun with aid from the government. — 


For twenty years, however, little progress was achieved, and in 


1833 government aid was withdrawn and the construction project _ 


was dropped. Babbage, however, was incurably obstinate and 


optimistic, and he at once laid plans for a much more ambitious — 
computing machine, which he called an analytical engine. This — 
was to consist of three parts: (1) the “store”, where numbers — 
were to be stored or remembered; (2) the “mill,” where arith- — 


metical operations were to be performed on numbers taken from 
the store; and (3) the “sequence mechanisms”, which would 
select the proper numbers from the store and instruct the mill 
to perform the proper operation. 


But neither of these machines were completely constructed, — 
although small parts of them were. Both Babbage and his son, 
who also tried to carry out his father’s ideas, died without seeing _ 


the fruition of their ideas. The failure to construct either of the 
machines was due mainly to the lack of sufficiently accurate 
machine tools and of mechanical and electrical devices that fi- 
nally became available around 1900-1910. It was not due to the 
inadequacy of the concepts, for they were perfect—complete, 
and accurate. 
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6. The Idea of Machine Language Read Electrically 


Another of the historical developments which has led toward 
the modern automatic computer began about 1886, when a 
statistician and inventor, Dr. Herman Hollerith, was working on 
the 1880 census in the United States. The census, six years after 
it had been taken, was still not entirely summarized and tabu- 
lated. Hollerith decided to experiment with cards with punched 
holes and with electrical devices to detect the holes and count 
them. He made use of an idea that had been used for at least 
eighty years in weaving cloth—cards with punched holes to con- 
trol the weaving pattern used in the Jacquard loom. He realized 
that cards bearing human language were not readable by the 
machine; but that cards could be prepared using machine lan- 
guage, a language of punched holes, that ought to be readable 
by a machine. 

Hollerith’s experiments and machines were successful, and 
have led to a great development of machines using punched 
cards for business, accounting, and statistical purposes. These 
machines, punched-card calculating machines, have become a 
backbone of business calculations and reports all over the world. 


7. The First Automatic Sequence-Controlled Calculator 


The first automatic digital computer that worked was a ma- 
chine called the Complex Computer, constructed at Bell Tele- 
phone Laboratories in New York in 1939. Dr. George R. Stibitz, 
an engineer there, noticed around him a lot of troublesome arith- 
metic, multiplying and dividing complex numbers. This is a type 
of number which electrical engineers find necessary for analyzing 
alternating electrical circuits. Let us stop for a moment and ex- 
plain this problem too. 

An example of a complex number is 1.037963 + 3.467832 j. 
The j stands for the square root of minus one, which is a mathe- 
matical concept useful in a number of branches of mathematics. 
Every single time that you multiply one complex number by an- 
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other complex number, four multiplications and two additions 


of ordinary numbers are needed. The formula is: 
(a+ bj) + (c+dj) = (ac-b-d) + (ad + be)j 


Let us actually carry this out supposing that one of our complex 


numbers is: 
1.037963 + 3.467832 j = a + bj 
and the other one is: 
2.498176 + 1.556218 j = c + dj 
Here is the form of calculation, and the calculation: 


(1) @= 1.037963 


(2) bj = 3.467832 } 
(3) © = 2.498176 
(4) dj = 1.556218 j 


(5) = ( i ) . ts ) 2.593014 = 1.037963 X 2.498176 
(6) = ” c io 5.396703 = 3.467832 X 1.556218 





(7) = Difference 
Mii (5) - (6)  -2.803689 
( ) 7, “) é e 1.615297 j = 1.037963 x 1.556218 j 


=(2)xX , . 
(9) Pt Wy et 8.663255 7 = 3.467832 X 2.498176 j 


(10) = Total 
(8) + (9) 10.278552 7 
Answer; —2.803689 + 10.278552 j 


Division is even worse. To divide one arithmetical complex 


number by another, six multiplications, two additions, one sub- ; 


traction, and two divisions of ordinary numbers are always neces- 
sary, And again the pattern or sequence is always the same. Here 
is the formula: 








ac + bd , be-ad 
C+  e+e@el 


(a + bj) + (c + dj) = 
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And here is the calculation form for doing it: 


(1)a= 
(2) b= 
(3) ¢ = 
(4) d= 
(5) = (1) X (3) 
(6) = (2) X (4) 
(7) = (5) + (6) 
(8) = (2) X (3) 
(9) = (2) X (4) 
(10) = (8) - (9) 
(11) = (3) X (3) 


(12) = (4) X (4) 

(13) = (11) + (12) 
(14) = (7) + (13) 
(15) = (10) + (13) 


Answer: (14) + (15) i 


Stibitz decided that ordinary telephone relays could be wired 
together to do this annoying task. So he represented each decimal 
digit by a code of 1’s and o’s, so that four relays by their pat- 
terns of being energized or not energized could express the code 
and designate each digit. The sequence of calculation was built 
into Stibitz’s machine; it was completed in 1940, and demon- 
strated. While the computing panels remained in New York, 
some mathematicians at Dartmouth College, Hanover, New 
Hampshire, gave problems to the machine via teletype, and re- 
ceived the answers back via teletype in Hanover. The Complex 
Computer continued to do useful work at Bell Telephone Labo- 
ratories for some years until it was replaced by more powerful 
computing equipment. 








8 The First Two General-Purpose Automatic 
Digital Computers 


The first general-purpose automatic digital computer was the 
Harvard IBM Automatic Sequence-Controlled Calculator, which 
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started work in April 1944. It was constructed as a result of a 
joint enterprise by Professor Howard H. Aiken of Harvard Uni- 
versity, who was stirred by Babbage’s ideas, and International 
Business Machines Corporation, the maker of a great quantity of 
punched-card calculating machines of various kinds. This relay 
computer, when it was finished in 1944, ran twenty-four hours a 
day, seven days a week, and continued to operate for many years 
(with only a small amount of down-time due to malfunctioning) 
solving urgent problems in military computation. 

This machine handled numbers of 23 decimal digits, storing 
them in any one of 72 storage registers. It performed additions 
in about one-third of a second, and multiplications in about six 
seconds. This machine was the first working realization of Charles 
Babbage’s analytical engine. And it quickly led to more automatic 
digital computers with numerous improvements. 

About the same time, from 1942 to 1946, another group of en- 
gineers at the Moore School of Electrical Engineering at the 
University of Pennsylvania in Philadelphia, headed by Dr. John 
W. Mauchly, a physicist, worked on the design and construction 
of an automatic electronic digital computer. This machine used 
instead of relays standard radio tubes and parts, and aimed for 
high speed. In 1946 the Eniac (“Electronic Numerical Integrator 
and Calculator”) was completed at the Moore School. It con- 
tained 20 registers where numbers of 10 decimal digits could be 
stored or accumulated. It could add numbers at the rate of 5000 
additions per second. It also contained a multiplier which would 
carry out from 360 to 500 multiplications per second, a “divider- 
square-rooter”, and other units. 

The years 1944-1952 were years of eager interest and experi- 
ment by universities, government departments, and small busi- 
nesses. Then major business-machine and electric and electronics 
manufacturers became convinced that machines which would 
compute and process data automatically were important, and 
they entered the field on a big scale. 


g. Recent Developments 


From 1952 on there has been a prodigious development. The — 
addition speed of computers has gone to more than 100,000 ad- — 
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ditions per second. The multiplication speed has risen to more 
than 10,000 per second. The amount of storage capacity, or 
memory, accessible to the computing unit of a computer has 
changed from the 72 storage registers of the Harvard IBM Auto- 
matic Sequence-Controlled Calculator to literally millions of regis- 
ters. Some of these registers are accessible to the calculating unit 
in less than a millionth of a second. Others are stored on mag- 
netic tape, and are fed into the computer in streams at very high 
speed, so that the computer can refer to that information also 
without delay. 

Not only speed and capacity but reliability of automatic com- 
puters has been multiplied by a factor of tens of thousands. The 
reliability has increased to the point where a billion and ten bil- 
lion operations take place between errors. Besides, automatic 
checking has been built into computers so that no wrong results 
are allowed out. 

By 1960 there were at least twenty major suppliers of auto- 
matic digital computers and data processors. Over 700 organiza- 
tions and probably over 30,000 persons were engaged in one part 
or another in the field of computers and data processors. The 
market for such machines has been estimated to be on the order 
of three-quarters of a billion dollars per year. 


10. Other Streams of Development 


At the same time that this main stream of automatic digital 
computing has been developing and expanding, other streams of 
automatic handling of information have also developed and ex- 
panded. 

One of these other streams is analog computers, An analog com- 
puter computes by using physical analogs of numerical measure- 
ments; for example, a distance, or the amount of turning of a 
shaft, or the amount of voltage in a circuit element, is used to 
represent a number in a problem. One of the simplest analog 
computers is the slide rule, where marks and distances represent 
numbers, Up to 4 or 5 significant figures of accuracy can be rep- 
resented as a voltage inside an analog computer. An analog com- 
puter may have more than 100 or 200 circuit elements to express 
numerical magnitudes. Inside the computer the connections be- 
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tween these circuit elements mirror or simulate the relationships 
of the numerical variables in the problem. In this way a very 
powerful computer can be constructed which can solve intricate 
problems in engineering, in physics, in chemistry, in nucleonics, 
and in other branches of knowledge at very high speed and with 
sufficient accuracy to answer a great many of the questions of 
engineers. 

Hybrid machines, which use analog computers in one part of 
the system and digital computers in other parts of the system, are 
also being developed and applied. 

Other kinds of elaborate automatic information-handling sys- 
tems are also, of course, being developed. For example, the auto- 
matic dial-telephone system is ramifying and stretching out over 
very great distances, From many exchanges in the country, at the 
present time, it is possible to dial a telephone almost anywhere in 
the United States, and the resulting call is automatically recorded 
as to length, automatically computed as to cost, and automatically 
charged to the subscriber’s record for automatic billing at the end 
of the month. 


11. Causes 


But this description of the history of invention and construc- 
tion of computers and data processors is only part of the story. 
What caused this development? 

There have been two main trends in the causes for this develop- 
ment. One is the growth of scientific, military, and engineering 
knowledge, together with the increasing realization that the 
mathematics for solving a great many problems could not be 
easily handled in the ordinary symbolic mathematical ways. In- 
stead, the symbols had to be translated into numbers, and the 
numbers had to be handled arithmetically, elaborately, and in 
detail, and in a great many different cases. Take for example 
astronomy. Isaac Newton and Albert Einstein expressed general 
laws for the behavior of heavenly bodies. But the actual calcula- 
tions for knowing where to look in the sky to see any particular 
heavenly body at any particular time have to be carried out 
numerically. Furthermore, the laws were general and applied to 
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simplified cases; the actual calculations for particular heavenly 
bodies were specific and had to take into account many mathe- 
matically unpleasant details. Take for example calculating the 
orbit of the moon: the bulge of the earth at the equator, where 
the earth is wider than it is at the poles, has an effect on the orbit 
of the moon, and this has to be calculated in order to predict to 
the minute and second where the moon will be at any particular 
time. Such calculations are laborious. Similar laborious calcula- 
tions occur in electrical engineering, in physics, in chemistry, in 
nucleonics, in the guidance of missiles, and elsewhere. Particu- 
larly, the need to calculate tables of trajectories for artillery shells 
was the reason for the support by the United States government 
of the Harvard and Moore School computer projects in 1941-1945. 
The early detection of missiles requires that hundreds of thou- 
sands of calculations and decisions be made in seconds, a task 
which only a large computer can accomplish. 

The other main trend is from the world of business. Here 
enormous quantities of records and calculations are required, in 
order that businesses may function. Take for example the life- 
insurance business. Big insurance companies issue millions of 
policies under which insureds pay premiums and companies take 
on liabilities for losses. All kinds of various contingencies can 
happen to the persons insured under those policies, and exten- 
sive records are necessary. In one life-insurance company, for ex- 
ample, formerly eleven basic records for a given policy had to be 
maintained in different departments of the company, to be 
handled by clerks; this was before the advent of automatic com- 
puters. The automatic electronic data processor of the current 
vintage enables all these records to be consolidated into a single 
record on magnetic tape, and a duplicate record on another mag- 
netic tape, in case of accidental destruction. 

The growth of a great civilization which is complex engineer- 


-ing-wise and technologically on the one hand, and complex 


business-wise and industrially on the other, has produced an 
enormous growth in the information to be handled and operated 
with. This provides the push, the energy, the urgency behind the 
great development of the automatic handling of information, ex- 
pressed in computing and data-processing systems, the Computer 
Revolution. 





CHAPTER 4 


HOW MUCH POWER HAS MAN GRASPED? 


THE POWERS OF PRESENT-DAY COMPUTERS 


A modern automatic computer embodies power, a great new 
power. It is the power to obtain answers to very many questions, 
and especially questions which until recently were beyond an- 
swering. But this power is not unlimited; questions can still be 
asked which no computer can yet answer. 

We are interested in marking out the present-day limits of the - 
powers of computers. We are interested in knowing how much 
power man has grasped in this field of answering questions by 
means of computers. 

For this purpose we shall make a close inspection of some very 
powerful computers of the present day, for they have strange and — 
marvelous properties. 





1. A Sample Question 


For a base of comparison, however, let us begin with the pow- 
ers of a human being and a desk calculator to answer questions. 
Suppose we start by asking these two computers what is 927538- 
921 multiplied by itself, in other words, the square of this number, 

When writing this chapter, I tried this myself. It took me 5 
minutes to multiply it out the first time, in the following style; 
/ as I did this, I made (without noticing) three errors, as stated 
below: 
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927538921 
X 927538921 
927538921 
1855077842 
8347850289 
7420311368 Error: second 3 was a 4 
2782616763 
4637694605, 
6492772447 Error: second 4 was a 3 
1855077842 . 
8347850289 
860328449969844241 Error: first 3 was a 1; second g was 
an 8; third 8 was a 7 


Of course an incorrect answer is not worth very much. So I 
tried to verify it. It took me 1134 more minutes to check my work, 
and find and correct the three errors. This checking I did by: (1) 
constructing (by adding successively) a table of all the mul- 
tiples of 927538921 from 1 times to 10 times as follows (note that 
the last addition checks all the others): 


1 927538921 
2 1855077842 
3 2782616763 
4 3710155684 
5 4637694605 
6 5595233526 
7 6492772447 
8 7420311368 
9 8347850289 
0 9275389210 


(2) again adding the multiples in the worked-out multiplication 
to make sure that the additions were correct, (3) adding them a 
third time. 

Next I made use of the Friden desk calculating machine which 
I have in my office, which has automatic multiplication. I set 
927538921 on the keyboard, and 927538921 in the multiplier reg- 
ister, and pressed the “multiply” button, and after 8 seconds ob- 
tained in the answer dials the product: 860328449969844241 


1 
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which agreed with my answer. This is a gain by a factor of 100, 
from about 1005 seconds to about 8 seconds—rather a good gain. 

Now, how long would it take to perform this multiplication on 
one of the fastest of modern computers, say the one called the 
Univac Lare made by Remington Rand? Once the numbers have 
been put inside the computer for operating upon, the first 10 


decimal digits of the product can be obtained in 8 microseconds — 


(8 millionths of a second), and the entire product of 18 decimal 
digits can be obtained in 36 microseconds. Taking the 36-micro- 
second time as the comparable time in this case, we see that 
going from 8 seconds to 36 microseconds we have a gain by a 
factor of about 200,000. This is an enormous jump. And com- 
paring the Univac Larc with the human being, the factor of gain 
is 20 million. Actually, multiplying a nine-digit number by a 


nine-digit number is a much longer reasoning operation than — 


most reasoning operations carried out by a human being; accord- 
ingly, let us estimate that by and large a human being is able 
to perform two or three reasoning operations per minute, on the 


average; then the factor of advantage is about 1 million and not — 


20 million. 


2. Other Features to be Compared 


We have just compared a human being, a desk calculator, 
and the Lare computer in regard to multiplying two nine-digit 
numbers. But, of course, there are many more facets to be com- 
pared than just this one: 

(1) Input: the extent to which information can be taken into 
the computer or human being; 

(2) Output: the extent to which information can be put out; 

(3) Storage or memory: the extent to which information can 
be stored in the computer or made easily accessible to the 
computer; 

(4) Computing and reasoning capacity: the variety of instruc- 
tions which can be fulfilled; 

(5) Control capacity: the extent to which instructions can be 
executed one after another; 
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(6) Reliability: the extent to which errors may occur and are 
tletected and corrected; 

(7) Tirelessness: the extent to which the computer or human 
heing requires maintenance; 

(8) Hardware: flesh and blood for the human being, wires 
and gadgets for the computer; 

(9) Energy required: to make the computer or the human be- 
ing operate; 

(10) Cost. 
Lot us take a look at these facets one by one. 


3. Input 


The most powerful present-day computers can take in informa- 
tion, remember it within the machine exactly and with no for- 
etting, at the rate of 50,000 to 100,000 characters per second. 
A character is either a letter of the alphabet, or a decimal 
(ligit, or some other single mark such as those on the keyboard 
of a typewriter. These characters are regularly expressed for the 
eomputer’s purposes as a pattern of six or seven 1’s and 0's, as 
for example, in the following scheme using six 1’s and o’s: 


© 00 0000 ~=—s A: 081 ‘0000 Q 10 0000 =$ 11 0000 
1 00 0001 ~— B 01 0001 R 10 0001 =. 11 0001 
2 000010 C01 0010 S 10 0010 » 11 0010 
38 000011 Dol 0011 T 10 0011 =} 11 OO1L 
4 000100 + E 01 0100 U 10 0100 =: 11 0100 


The 1’s and o’s may be expressed for the computer: as punched 
holes (1) and blanks (0) in a card or a paper tape; as the pres- 


_ ence (1) or absence (0) of an electrical pulse; or as polarized 


spots on a magnetic surface, south-north being a 1, north-south 
being a o, or vice versa; etc. 

The characters are handled by the computer usually in stand- 
ard groups, called machine words, or just words. A common and 
convenient length of machine word is 10 to 16 characters; the 
characters may consist of decimal digits only, or both letters and 
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q 
digits, or other variations. Regularly, an instruction to the ma- 
chine is expressed as a word or part of a word; and so the same_ 
set of characters may have meaning sometimes as a number, 
sometimes as an instruction. If a machine word is 12 characters 
long, then a speed of 96,000 characters per second is the same as 
a speed of 8000 words per second. 

No human prodigy is conceivable who could take in 8000 
twelve-digit numbers in one second. In fact, most human beings 
could not take in even one twelve-digit number in one second. 
If we should try to put into a human being’s mind as few as 20 
twelve-digit numbers in a minute, he would be completely un- 
able to remember more than a small part of them unless he could 
write them down on paper. 

A human being can take in a telephone number such as 
MI 8-1016 in about a second, and remember it long enough to 
dial it. Also, if we turn to a more congenial task, a fast reader can 
read about 500 words a minute, understanding the meaning of 


what he is reading even if he cannot reproduce the words — 


literally. 

Although the ability of the two contenders is qualitatively dif- 
ferent, it might be fair to say that the computer has an advantage 
over the human being by a factor of 10,000 to one. 


4. Output 


The output of a computer varies according to the capacity of 
the equipment receiving the information. A computer can record 
on magnetic tape, once it is ready and moving, at the rate of 
50,000 to 100,000 characters per second. The computer can also 
control: a paper-tape punch, which will punch paper tape at the 
rate of 100 characters per second; or a card punch, which will 
punch per second about 30 standard punch cards each of 80 col- 
umns; or a high-speed line-printer which will print in each second 
17 lines, each of 80 to 120 characters. 

All this peripheral equipment is obviously slow as compared 
with the computer. Consequently, for efficient use of the com- 
puter’s tremendous calculating speed, devices called buffers may 
be used. A buffer is a storage device which is able to take in in- 
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formation at very high speed from the computer and then release 
the information at the proper speed for the peripheral equipment. 

A human being can write by hand at the rate of about 30 words 
per minute, or type at the rate of about 60 words a minute, or 
talk at the rate of 200 or 250 words per minute. The ratio between 
i computer speed of about 8000 words per second, and the top 
output speed of a human being of about 4 words per second, 
fives a factor of advantage to the computer of about 2000 to 1. 


5. Storage or Memory 


The biggest present-day computer can have a rapid memory 
(consisting of an array of small bead-shaped magnetic cores), 
that is, storage or memory with very rapid access (like the scratch 
paper on which a man makes preliminary calculation), of 100,000 
to 200,000 locations. In each one of these locations a machine 
word (say, 12 decimal digits or 6o binary digits) may be stored, 
available on call in about 2 to 6 microseconds. 

In addition a very powerful computer may have access at one 
time to jo to 60 reels of magnetic tape on magnetic-tape- 
handling devices. Each reel may contain up to 10 million machine 
words. These words are available on call from the central proces- 
sor of the computer but the access time may be more than a 
second, depending on the position of the information on the tape. 

Besides these two kinds of memory, a computer may have an 
intermediate memory consisting of magnetic drums. These are 
large cylinders turning at high speed and coated with a magnetic 
surface on which information can be stored as multiple polarized 
spots. There may be 5 million registers of magnetic drum storage; 
the information in any register may be available in not more than 
a few thousandths of a second. 

Here again, a man by himself is hardly comparable. The 


amount of information contained in the memory of a well- 


informed man, and able to be recalled whenever he chooses, 
might be the equivalent to 1000 to 10,000 books or 2 million to 
20 million words. Of course, it is almost impossible to disentangle 
pure memory or storage of a human being from the capacity of 
a human being to reason and to assemble words together in new 
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ways. Besides, there are other ways which human beings have 
for remembering—as, for example, the capacity to remember 
sights, sounds, smells, tastes, etc.—and many of these memories 
cannot be successfully expressed in words—how can you say in 
words the way to recognize a person? 

However, comparable to the computer's library of magnetic 
tapes, a man can have access to a large library, and because he 
can read, he can gain access to great quantities of information. 
The Library of Congress, the largest library in the world, holds 
perhaps 10" words, to which a man without too much trouble 
can have access. 

For comparison, the computer has quick access to about 2 times 
10° words; the human being, to about 2 times 107 words; factor 
of advantage for the computer, 100. Taking into account the li- 
braries, however, the computer may have access perhaps to 10” 


words; the human being, to 101%, So for the first time, man beats — 


the computer by a factor of 1000. 

This, however, is probably only a temporary advantage, lasting 
for another 25 or 50 years, For gradually all books in libraries 
will be scanned by automatic optical reading devices and their 
information converted into records on magnetic tape for accessi- 
bility by computers. 


6. Calculating and Reasoning Capacity 


Most computers have 50 to 100 instructions built into their 
hardware, such as ADD or SELECT. In addition, a powerful 
computer has the capacity to perform pseudo-instructions, a com- 
mand which has the same appearance as an ordinary instruction 
but which the programmer has assembled from simpler instruc- 
tions, and called for by a single word. This might be the case for 
SQUARE ROOT. Second, the manufacturer usually provides a 
library of programs, including, for example, a program for com- 
puting payroll. Third, there are simplified languages for instruct- 
ing computers, so that persons who have not learned how to 
program a problem in terms of simple elementary instructions 
corresponding with the hardware of the computer, can be given 
easier words to use, and using these easier words can instruct the 
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computer. For example, there is a program called SOAP for the 
IBM 650 computer; the word is an abbreviation for “symbolic 
optimum assembly programming”. Techniques are developing 
steadily towards easier and easier programming of computers, in- 
cluding such ideas as compilers (for compiling several programs 
into larger programs), and special programming languages such 
as COBOL (common business-oriented language), so that the 
load of programming is largely transferred from the human being 
to the computer itself. 

A well-trained human being can hold his own in computing 
and reasoning as compared with a computer, except in the de- 
partment of speed. The speed of execution of calculating and 
reasoning in a computer, once it has been correctly programmed 
and the information is within the computer, has an advantage of 
about 1,000,000 to 1, But there are instances where a human be- 
ing is still a respectable competitor: in playing a good game of 
chess, in recognizing a handwritten address on an envelope, in 
distinguishing which light at a street intersection is a traffic light, 
and so on. 


7. Control Capacity 


What a computer does from one operation to the next is deter- 
mined by the control unit. The control unit consists basically of 
a register which contains an instruction, the current instruction 
which sets the switches throughout the machine for the next 
transfer of information. Then as soon as the switches are com- 
pletely set, the information is transferred in a flash throughout 
the machine. Then the control register takes in the next instruc- 
tion, which in turn establishes what will happen next throughout 
the machine. The flow of instructions into the control register is 
regularly produced by the program. The most powerful present- 
day computer can handle 2 million instructions per second. 

But recently some new and fruitful system ideas have been 
applied to the control unit. In early computers the central proces- 
sor of information would “sit around” idle while waiting for some 
piece of peripheral equipment to put in or take out information. 
For example, if it was a card punch which could punch 2400 
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characters a second, while the computer could produce 80,000 
characters a second, the computer might be idle waiting for the 
card punch for 40 seconds, and the computer would be working 
one out of every 40 seconds. This very serious waste of expen- 
sive capacity had to be eliminated. 

A succession of useful ideas has been applied to this problem. 
First, there was the on-line buffer mentioned above, whereby an 
auxiliary buffer memory would take the 2400 characters from the 
computer at the computer’s speed and then deliver them to the 
card punch at the card punch’s speed. Second came the off-line 
buffer or tape-to-card converter: the computer would load up a 
magnetic tape reel with information for the card punch, and then 
the card punch governed by the converter would work away for 
a long time punching cards. Third came the idea of multiple 
trunks, lines running to many buffers for many pieces of periph- 
eral equipment, each buffer calling the central processor when 
it needed loading. Then came the idea of multi-program and 
traffic control—shared, guided control of the central processor for 
different equipment and different programs. Also, program- 
interrupt features provided top priority for urgent business. In 
this way the idea was pursued that the computer itself should be 
responsible for working on many programs and many calls from 
equipment, in each case attending to instructions in sucha way 
as to maximize the amount of work done and minimize the wait- 
ing of any program or peripheral device. So the central processor, 
no longer the analog of a single human computer, became the 
analog of a section head in charge of a number of human com- 
puters. 

Let us compare this marvelous control capacity of a computer 
with the control capacity of a human being. In the first place, he 
cannot always keep his attention on even a single program of 
things to be done: his mind wanders; he has a coffee break; he 
stops to chat with the clerk sitting next to him in the office; then 
he concentrates again, filling another sheet of calculations; and 
so on. Perhaps a good speed of a human being in thinking is 2 or 
3 elementary reasoning operations per second. In the multiplica- 
tion of 927538921 by itself, there were about 6 or 7 hundred 
elementary reasoning operations: in “9 times g is 81, and 2 carried 
is 83, write 3, and carry 8,” we would count 4 elementary reason- 
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ing operations—human “computer instructions.” Of course often a 
human being will just wonder about the way to go at a problem. 
If in geometry I wish to show that the sum of the angles of any 
triangle is 180 degrees, I may not know how to start at first, and 
I may have to guess, experiment, and explore. 

So the factor of advantage for the computer is on the order of 
1,000,000 to 1. 


8. Reliability 


The first automatic computers of the 1940’s were not very reli- 
able. The equipment of which they were made had not been 
engineered to be exceedingly accurate and reliable. The pro- 
grammer for the problem usually had to program the checks that 
he wanted used, by doing the same operation in another way. 
For example, A times B would use equipment differently from 
B times A, and so both operations would be programmed, and 
then an instruction to compare the results would be given to the 
machine. If the difference in the results exceeded a certain toler- 
ance, then the machine would stop; and the operator in charge 
of the computer, and the mathematician in charge of the pro- 
gram, and the maintenance man in charge of keeping the ma- 
chine going, would consult on how to get rid of the error! 

Those days have long since gone. Now computers can operate 
with extraordinary reliability, with as many as a billion or ten 
billion operations between errors. Automatic checking of various 
kinds is built into the machine. Machine faults are divided into 
two kinds: intermittent and constant. An intermittent fault may 
be due, for example, to a speck of dust momentarily between a 
magnetic reading head and the magnetic tape, so that a 1 is read 
as a o. A constant fault may be due to a component going below 
par so that electric pulses do not pass through it properly any 
more. For both these causes of fault there are diagnostic pro- 
grams so that the point where the computer made the mistake 
can be located. 

To avoid loss of desired information, checking digits may be 
carried along by the computer with each character of information. 
For example, if the number of 1’s in the code for a character is 
even, as in 011101, the checking digit is an additional 1, written 
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say at the right. If the number of ones in the character is odd, as 
in 100110, the checking digit is 0. The characters go through the 
computer as 0111011 and 1001100, etc., as seven-digit codes. The 
machine can then automatically count digits in the character 
code at numerous points throughout, and can always at once tell 
whether a character is wrong (has an even number of 1’s, in the 
example); then the computer can automatically rerun from a 
preceding point. 

But even better than this is automatic recalculation of missing 
information and automatic correction of errors, This power is a 
feature of the Honeywell 800 computer, in a patented scheme 
called Orthotronic control. With this system, the machine itself 
is able to recompute correct information automatically and with- 
out pausing. The scheme makes use of checking digits not only 
in rows but also in columns, identifies the point of error, and 
recomputes the 1 or the o required at that point. 

In comparison with these amazing realities, the unreliable, 
error-prone human being feels like shrinking into a corner. The 
standard procedure in the 1930’s and 1940’s in the life-insurance 
business for calculation by clerks with desk calculators was to 
have the calculation done once by one clerk, then a second time 
by another clerk independently, and then inspected by the sec- 
tion head. This caught most but not all errors. 

If we measure reliability by the average number of operations 
between errors, then we should say perhaps for the computer 10 
billion and for the human being at best 1000, and so the factor of 
advantage is 10 million. 


g. Tirelessness 


The computer, of course, is little different from any other ma- 
chine when it is a matter of tirelessness, or to use a less human 
expression, operating ratio. This is the quotient of the amount of 
time that the computer operates correctly divided by the amount 
of time that the computer ought to be available for operating. 
The numerator does not exclude time when the program did not 
run because the human programmer made a mistake. The de- 
nominator does include time when the computer is idle for pre- 
ventive maintenance, when the technicians go over it with a 
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fine-toothed comb seeking to locate components that are about 
to fail, to be pulled out and replaced with new ones so that the 
maximum operation may be achieved. 

The operating ratio in many computer installations is 97 and 
98 per cent, even when these are multiple shifts up to 168 hours 
per week. 

A human being does get fatigued. He does need sleep (though 
his heart does not, for it keeps pumping while he sleeps, having 
mastered the trick of never getting tired). He has to stop to eat 
and behave in other ways like the animal and biochemical sys- 
tem that he is. 

The highest operating ratio of a human being is perhaps 
around 84 hours a week out of the 168 hours available, or about 
50 per cent. The usual work week, of course, of 35 hours repre- 
sents 21 per cent operating ratio. 

The factor of advantage for the computer is about 4 to 1. 


10. Hardware 


The most advanced computers of the present day are called 
solid-state computers, because they make extensive use of solid- 
state electronic devices such as transistors, germanium diodes, 
and magnetic shift registers—not electronic tubes. This increases 
speed, cuts down electric-power consumption, reduces heat, and 
saves space. 

One of the important solid-state devices used in computers is 
the “magnetic core.” This is a small doughnut-shaped bead of a 
magnetic ceramic, called ferrite, which is arranged with other 
cores in flat planes and strung with insulated wires. When a cur- 
rent is passed through a wire going through one of these cores, 
the polarization of the core can be changed from one direction to 
the other direction. This enables the core to be changed, from 
storing a zero to storing a one, or by running current in the reverse 
direction, from storing a one to storing a zero. These magnetic 
cores are the heart of the rapid memory, that part of storage of 
information which can be most rapidly consulted in the powerful 
computers. Access to a magnetic core memory in a powerful com- 
puter can be a microsecond. 

Even faster memory devices are on the way, such as spots of 
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magnetic film deposited on thin glass plates. Their polarizatior 
can be switched in a few hundredths of a microsecond. 

It seems likely that the size of computers will become sma 
and smaller at the same time as they increase in power and ca- 
pacity. Eventually the powerful computer in hardware may be a 
rival of the human brain in size also. ; 
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11. Manufacture and Costs 


At the present time more than fifteen manufacturers in the 
United States make automatic digital computers of various kinds, 
Outside of the United States there are at least fifteen more manu- 
facturers of commercial automatic computers, but none of the 
machines they are making are as powerful as the most powerful 
machines being made in the United States. 

The number of types of commercial computers currently in the 
United States is about forty-five or fifty. Their price ranges from 
over $10 million to about $25,000; the monthly rental ranges from 
about $300,000 to about $700. 

The most powerful computers which are currently being con- 
tracted for are the IBM 70g0 Stretch computer, being marketed 
by International Business Machines Corporation, and the Univae_ 
Lare, being made by the Remington Rand Univac Division of 
Sperry Rand. A noncommercial Larc was delivered in 1960 to_ 
the Livermore Atomic Research Center in California. The com- 
mercial forms of Larc and Stretch have not yet been delivered at 
present writing. 

One of the really important factors in the cost of a computer 
is the unit cost per calculating operation. As the price of a com- 
puter goes up, the cost per calculating operation goes down. For 
the most expensive computers, the cost is least. ‘{ 

For example, take the Stretch computer, rental about $300,000 
monthly, and assume 500,000 calculating operations per second, 
In a month then, it will do about 1.2 times 102 calculating opera- 
tions. This is at the rate of 100,000 calculating operations for 2% , 
cents. Even if this figure does not allow for many factors that 
should be considered—particularly, the cost of programming—still - 
it shows a profoundly new and inexpensive power existing in 
society for answering questions. 
















CHAPTER 5 


HOW IS THIS POWER BEING USED? 


SOME SIGNIFICANT APPLICATIONS OF 
COMPUTERS TO DATE 


1. The Applications of Computers 


The power of computers is so great, and the flexibility of pro- 
gramming a computer is so far-reaching, that in nearly every 
field where a quantity of information is handled, computers have 
now been applied. Over 500 known fields of application of com- 
puters are listed in an appendix at the back of this book. 

But no sooner is such a list finished than it becomes out of date, 
for new applications occur. This is because the rational processing 
of information can be mechanized, and when mechanized, the 
work is done faster and more efficiently than by human beings, 
so long as the quantity of processing justifies the cost of translat- 
ing it into machine language. 

It is natural to think of the giant problems of handling infor- 
mation as the most significant applications of computers. The 
Bureau of the Census has enormous quantities of information to 
be processed: apply computers. The Social Security Administra- 
tion in Baltimore has individual accounts for over a hundred mil- 
lion people, to which quarterly contributions by employees and 
employers must be credited: apply computers. The Department 
of Defense has a prodigious demand for analyzing signals to 
detect suspicious planes and missiles: apply computers. 

But the dwarf problems are perhaps even more significant for 
demonstrating the pervasiveness of computers. Life magazine, 
March 3, 1961, in an article “The Machines Are Taking Over”, 
tells the story of a sausage factory in Ohio, where in determining 
the ingredients to be purchased to make bologna sausage, a com- 
puter during four months beat all the old German sausage- 








56 THE COMPUTER REVOLUTION 


masters, by offering better formulas for buying so much of such 
and such, and after those four months the computer was ac- 
cepted. 

For another example, take the field of banking. Some of the 
places where computers have been applied are: 


check and deposit accounts; factoring accounts; fund accounts; install- 
ment loan accounts; loan records, accounts, and analysis; mortgage 
loan accounts; payroll accounts; personal trust accounts; real-estate 
loan accounts; savings and loan accounts; saving-club deposits; signa- 
ture verifications; and stockholder records. 


Or take for example the field of aeronautical engineering. In 
this field computers have been applied in the analysis and eval- 
uation of: 


aerodynamical formulas; airframe stresses; critical speeds; flight and 
navigation training devices; flutter problems; heat transfer; systems; 
vibration. 


Computers have also been applied in: 


curve fitting; factor analysis; flight simulation; flight-test data reduc- 
tion; programming for ground-controlled approach; gyroscopic calcu- 
lations; helicopter piloting studies; satellite tracking; theodolite data 
reduction; and wind-tunnel data reduction. 


These lists are typical of the penetration of computer ap- 
plications in all kinds of fields. 

Let us now take a close look at half a dozen specific significant 
applications of computers and data processors. 


2. Inventory and Control over Supplies in a Military 
Medical-Supply Depot 


The Louisville Medical Depot, Louisville, Kentucky, of the 
United States Defense Department, was selected in 1957 as a 
place to test what electronic data-processing equipment could do 
and could not do, in performing all the accounting functions nor- 
mally performed by a supply depot. 

The purpose of the depot is to provide medical supplies when 
and where they are needed to help maintain the health of mili- 
tary personnel throughout the world. All military activities within 
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designated areas order their medical supplies from the depot, 
much as a retailer orders supplies from a wholesale house. The 
depot comprises about 400 acres of government-owned land, of 
which 200 acres are the operational area. There are 14 miles of 
vehicular road and 11 miles of railroad track, concentrated pri- 
marily in the operational area. There are 45 temporary and semi- 
permanent buildings and 6 permanent buildings, with a valuation 
of about $5 million. In more than 4o acres of warehouse space, 
there are mountains of medical supplies, and in addition work- 
shop areas full of activity. 

For example, one of the jobs of the depot is the assembly of 
field hospitals. All the medicines and equipment needed for hous- 
ing and treating patients will be found in an assembly—from 
aspirin to tents. Hospital units as large as a 1000-bed capacity 
are assembled, packed in sterile coverings, and crated, boxed, or 
wrapped to withstand weather and rough handling. Stacked on 
warehouse floors in orderly mountains, the assemblies are ready 
for immediate shipment. It would take a 20-car freight train to 
transport a 1000-bed hospital; but the hospital unit can be loaded 
and leaving the depot a few hours after requisitioning. 

Another operation in the depot is the Loose Issue Section, or 
the “world’s largest drugstore”. Here smaller items or smaller 
quantities of supplies are prepared for shipment. 

The problem was: to know what was in the supply depot; to 
know where it was; to know when more of any particular item 
was needed; and to charge out properly anything that was req- 
uisitioned. 

The type of computer introduced was a large random-access 
memory, with accompanying computing facilities, the Interna- 
tional Business Machine Corporation’s Ramac 305. It was put into 
use in March 1958. Since then it has worked excellently, giving 
the staff faster, more accurate, and more complete control over 
stock, accounting, and orders. 


3. Determining the “Best” Corn Hybrids 
Agricultural scientists at the University of Illinois, Urbana, Illi- 


nois, had the problem of selecting new and better strains of hy- 
brid corn. For example, from 50 parent lines of corn, it is possible 
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to make 1225 single crosses and 690,900 double crosses, Whid 1 
crosses are most likely to bring out the desired features? Which 
should be tried in the field? 

The problem was referred to the Iliac, a high-speed electroni¢ 
computer built at the university and used there. In the tests, th 
scientists punch the known traits of each parent corn variety into 
cards. The computer then matches up desired traits into variou 
combinations, The field-testing work can then be concentrated on 
those crosses proposed by the computer that are likely to be th 
most desirable hybrids for farmers to grow. 

The result is that the scientists need take only 40 or 50 of the 
best combinations into the field for testing. 

The newest corn hybrids under study carry traits for high oil 
and high protein content. Other desirable characteristics the sci- 
entists are working toward include resistance to the Europear 
corn borer and high yield. 


4. Identifying Chemicals by Their Infrared Spectrum 


Scientists of the Sloan-Kettering Institute for Cancer Research, 
New York City, were faced with the problem of identifying com- 
plicated organic chemicals, by reference to their spectrum in in 
frared light. The pattern of absorption of infrared waves for a 
chemical is as unique as the pattern of markings in a fingerprin 
for a human being. ; 

With the help of engineers of the International Telephone and 
Telegraph Laboratories, Nutley, New Jersey, they devised an au- 
tomatic electronic analyzer of the infrared spectrum of chemical 
mixtures. The system consists of a number of units. The first is a 
source of infrared radiation which sends out almost the entire 
infrared spectrum. The second unit is a spectrophotometer which 
measures the respective absorptions of the chemical fluid or mix-. 
ture being analyzed and reports the absorptions at various wave 
lengths in numerical form on punched paper tape. The third unit 
is a “library” containing the absorption pattern for various infra- 
red wave lengths of known chemicals, which are possible con- 
stituents in the mixture. The fourth unit is an electronic computer 
which makes automatic comparisons between the known patterns: 
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in the library and the unknown pattern being analyzed, performs 
mathematical calculations, and gives the quantitative analysis of 
the chemical sample being examined. 

Mixtures with up to ten constituents can be analyzed easily, 
since the spectroanalyzer uses the entire infrared spectrum 
of the mixture in the high-speed electronic matching technique, 
whereas the older method matched spectra at just a few wave 
lengths. The greater sensitivity of the new device makes it in- 
valuable where only a trace of a constituent exists. 

The device does in minutes analyses that formerly required 
days and sometimes weeks. It also analyzes the quantity of hor- 
mones in chemical mixtures so complex that they would not 
ordinarily be analyzed by older methods of infrared spectroscopy 
because the time required would have been prohibitive. 


5. Space Traffic: Supervision and Control 


A big computer tied in with a radar system has been applied 
as a “space-traffic policeman” during the firing of ballistic missiles, 
both with and without “satellites”. The system is used at the 
Patrick Air Force Base, Florida. 

When the missile rises from its concrete firing pad, eight 
ground-radar antennas, part of the tracking system called 
“Azusa”, follow its upward flight. Radar signal pulses are reflected 
from the missile back to the radar antenna. Radar equipment de- 
termines the position and velocity of the missile by noting the 
length of time the signals take to return to the ground installation. 

The radar data is fed into an IBM 704 computer housed in a 
blockhouse close to the firing pad. Every ten seconds the com- 
puter determines the exact point where the missile would land 
if the thrust of the rocket engines should fail. 

Output from the computer is transmitted by a cable to a cen- 
tral operation room where a range-safety officer watches the 
flight, and also watches a large map of the firing range, where 
the computer graphically plots the missile’s path and indicates 
points of impact. On the map, lines indicate the safety limits of 
the firing range. If the computer indicates an impact point for 
the missile outside the range limits, the safety officer presses the 
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“destroy” button, detonating an explosive charge in the 
If, on the other hand, a successful launching occurs, the compute} 
then determines the timing for releasing the successive stages, 
including the third stage for sending a satellite into orbit. In the 
release of the third stage of a satellite missile, the system indi 
cates the correct positioning for obtaining the balance betwee 
thrust and gravitational pull to reach a successful orbit. 

The electronic system for predicting the point of impact pro- 
tects the range and the nearby communities. Because of the speed 
of the missile and the relatively short time in which decision 
must be made, the system must be both accurate and rapid as it 
tracks and plots the missile’s position. The IBM 704 computer 
provides 20,000 calculations a second, and checks its own ac. 
curacy at the same time, meeting the requirements. 


u 


6. The Formulation of Least-Cost Feeds 


In the last several years much research, development, and ir 
vestment has gone into better feeds for livestock. The resultin 
new feeds provide a scientific assembly of ingredients containing 
desirable nutrients and produce better development of anima 
and increased quantities of meat, eggs, and milk. Although man} 
of the newer feeds are more expensive than the former feeds, 
the resulting increased production has advanced at a faster rate 
than the cost. The production per pound of feed is now far greater 
than it was even a few years ago. 4 

The production of the new feeds raises, however, a number 
problems in handling information. A typical livestock feed mill, 
for example, may at various times produce from 10 to 50 or mo 
different feed mixes so as to provide their customers with th 
variations they desire, in nutritional values. In blending these 
feeds the mill uses up to 20 or 25 different ingredients such ag 
corn, barley, oats, soybean meal, fish meal, bone meal, etc. Eaek 
ingredient has a different nutritional composition, Bran, for e 
ample, contains about 16% protein, 6% ash, 3% fat, 11% fiber, o. 
calcium; alfalfa meal contains about 17% protein, 10% ash, 2% fat, 
ete. A feed formula may have the following nutritional require 
ments: at least 10 milligrams of niacin per pound, 6% fat, a max 
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Imum of 4% fiber, a minimum of 34% but not more than 37% 
protein, exactly 5.5% calcium, at least 7000 USP units of Vitamin 
A, and so forth. To complicate the problem further, each of the 
ingredients has a different cost. 

The problem then is not only to determine the ingredients to 
be used, but also the exact proportions of each to result in the 
lowest possible total cost for a blend still meeting the require- 
ments. Also, other complications arise from the fact that certain 
ingredients cannot be used beyond certain limits because the 
resulting unfamiliar color of the feed might result in resistance 
from buyers. Also, use of some ingredients beyond certain limits 
might make it impractical to encase the feed in pellets, which 
may be the desired form of packaging. The construction of a least- 
cost formula under such conditions is highly complex. 

In the past the feed producer’s nutritionist and the staff asso- 
ciated with him have devoted a considerable part of their time 
to performing thousands of routine calculations. 

But there has now been developed a powerful computer tech- 
nique available to every feed producer, regardless of size, in- 
volving the mathematical method known as linear programming, 
to produce least-cost formulas. In addition, standard forms for 
recording source data and detailed explanations for using the 
program have been worked out. 

A feed formula produced by the computer, which is an IBM 
650 using a program developed by the Service Bureau Corpora- 
tion, New York, will in every case be at least as efficient 
as the formula now being used in any problem, but may in addi- 
tion result in very significant savings. 

Early users of the calculations for the formulation of feed 
achieved a saving as high as $3 a ton over their former costs. Yet 
for a mill producing 6 to 10 tons of feed per hour, a saving of $1 
per ton would be nothing short of startling. And there are some 


- 6000 mills throughout the country preparing feed for livestock. 


7. Planning of Sweden’s Power 


The Swedish State Power Board not long ago set out to de- 
termine from figures taken over a thirty-year period the best use 
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of its hydroelectric power stations, which are the nation’s main 
source of power. Dozens of possible alternative plans were to be 
considered: to examine each plan in detail would take an en- 
gineer at least six tedious weeks; even then the problem would 
have to be considerably simplified and therefore the results would 
not be entirely realistic. 

The main Swedish industries requiring power were the wood 
pulp, paper, steel, timber, and river-fishing industries. One of the 
chief problems was to calculate the efficiency of the present sys- 
tem of power distribution among Swedish industries in relation 
to their economic importance. Another problem was planning the 
development of future power stations. Many factors had to b 
taken into account: winter ice; steam-power production; water 
level in reservoirs; the capacity of dams and turbines; export of 
electricity to Denmark; needs of each of the major industries; 
shipping; timber floating in the rivers—even the amount of water 
needed by the salmon. Alternative plans were to be investigated, 
such as the effects of larger reservoirs, varying sizes of power sta- 
tions, and eliminating the floating of timber down rivers. 

It was decided to program the problem for an electronic com- 
puter. In a matter of days the Board determined its most desir- 
able plan by means of one of the big electronic computers made 
by Ferranti Electric Company, Inc., of England, and located at 
the Ferranti Computing Centre in London. 


8. Scheduling of University Students and Classes 


At Purdue University, Lafayette, Indiana, up to a few years 
ago, there were apparently endless hours of waiting in line for 
students to be registered in at least three places, first the Regis- 
trar’s office, at the Armo , and later in the Quonset Huts. Some- 
times a student would walk into registration headquarters, wait 
in line while the students in front discussed their problems, and 
then when his turn finally came, he would find out that the class 
that he had to be in—it was his last semester and it was a re- 
quired course—was closed, because enrollment had reached the © 
maximum. 

Now an electronic digital computer at work in the Statistical 
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Laboratory at Purdue, a Datatron made by Burroughs Corpora- 
tion, “memorizes” in about 9 minutes the 1400 courses and 4000 
divisions that may be selected by students. The machine also 
“knows” the course identification, the tentative number of sec- 
tions, the maximum size of each class, and the meeting time of 
each section. As students are scheduled and the originally 
planned sections become filled, the computer signals the need for 
opening additional sections. 

Here is how a student is scheduled electronically: He goes to 
his counselor and together they list the courses he is to take in 
the next semester. This information is translated into machine 
language and fed into the computer. In processing the schedule 
the computer schedules first those courses with only one division 
(because this division has no alternate time schedule), and then 
continues to schedule other courses according to a stated prior- 
ity. The computer keeps track of available spaces. It equalizes the 
number of students assigned to particular sections of a course by 
attempting to schedule a section with the most remaining spaces 
first. If the student has made plans to work at certain times, mak- 
ing himself unavailable at those times for courses, he signs up 
with his advisor for a period of free time. If no conflict develops, 
this free time will be scheduled along with the other courses by 
the computer. 

In a matter of seconds, in many cases 35 or 40 seconds, out of 
the computer comes the student’s schedule of classes punched on 
cards. Tabulating equipment is used to produce the student's 
schedule in readable form. 

The advantages of the computer program are numerous. First, 
there is the speed of selecting sections of courses to meet students’ 
requests free from conflicts. Second, section enrollments are 
equalized. Third, the last student through the computer has 
nearly the same opportunity to be enrolled in the courses of his 
choice as the first student. In addition, instructors have classes of 
a more uniform size; there is more effective use of instructional 
rooms; and fewer rooms are needed since the classes are spread 
among many rooms at various times, instead of using a large 
number of rooms at a peak hour. Finally, staff members formerly 
busy with registration details are free for counseling and in- 
struction. 
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The machine is no more infallible, of course, than the informa- 
tion put into it by human beings. But once it begins its electronic 
scheduling, it does a job no single human being could possibly 


do in 5 seconds or even 20 minutes, for no human being could 


make such an even distribution of classes as the computer does 
in the same time limit. 

Nor is the student turned into a mere number by the computer; 
instead he receives his own schedule suited to his own individual 
needs. The university also benefits in utilizing its advisory staff 
in doing the job they are really expected to do. 


g. Nerves for Society 


From the evidence we have so far put down in this chapter, 
it is clear that the automatic processing of information by com- 
puters is becoming a more and more indispensable factor in the 
operations of our society. 

In fact, many of the operations of our society are no longer 
possible without computers. For just one example, consider again 
the Bureau of the Census. It must deal with information for a 
society of 170,000,000 people; and the customary census ques- 
tionnaire included 10 to 30 questions. Suppose the identification 
of each question and the specification of the answer amount to, 


say, 6 decimal digits. Multiplying out, the amount of information . 


to be handled is on the order of twenty billion decimal digits. 

It may be argued that we should not want to process such vast 
quantities of information. But so long as we want to process the 
information and want reports about it in a reasonable time, we 
have no choice but to use the powerful automatic data-processing 
machines, 

With computing machines, information can flow efficiently 
through our complex society, in much the same way that nerve 
signals flow efficiently through our bodies. 





CHAPTER 6 


HOW DOES AN AUTOMATIC 
COMPUTER ACTUALLY WORK? 


ADDING 2 AND 3 IN A HIGH-SPEED 
DIGITAL COMPUTER 


1. Pulses 


In Chapter 2 we talked about how a computer is organized. We 
discussed to some extent the input unit, the output unit, storage 
or memory, registers, the calculating or arithmetical unit, the buss, 
the control section, and the commands and programming which 
cause information to flow through a computer. 

We said that information has to go into a computer in a form 
acceptable to the machine, such as punched holes in paper tape. 
But what happens next? How does the computer actually work? 

Basically, when a unit of information travels electrically or 
electronically along a wire from one part of a computer to an- 
other, it is represented as a pulse, either a rise followed by a fall 
of an otherwise constant electrical voltage, or else a fall followed 
by a rise. We may if we wish call the first kind a positive pulse 
and the second kind a negative pulse; the absence of a pulse at 
a time when it should occur can also be used as a signal for an 
error. See Figure 3. ( This is, however, only one of several possible 
conventions that may be adopted. ) 

The first thing that happens to the punched holes when read 
by a computer is that they are sensed electrically and turned 
into pulses. In a computer the pulses are regularly of standard 
duration. They may, for example, be one-fifth of a microsecond 
(a millionth of a second) long and spaced four-fifths of a micro- 
second apart. In this case the pulse repetition rate would be one 
million repetitions per second, or one megacycle. 





FIcuRE 3. 


(a) Positive pulse, 1. 
Voltage 


(b) Negative pulse, o. 
Voltage 





i (c) Absence of a pulse, sig- 


nal of an error. 
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2. Binary Coding 


Now let us consider a single wire or conductor, and four suc- 
cessive cycles during which pulses travel through it. In the first 
cycle may come a positive pulse, which may be designated 1; 
in the second cycle, a negative pulse, which may be designated o; 
in the third cycle, a negative pulse, o; in the fourth cycle, a posi- 
tive pulse, 1. In the sequence in which the information comes, 
we have therefore 1001 as the pattern. Any one of sixteen pat- 
terns of information may come along that wire in those four suc- 
cessive time intervals; these patterns are shown in Table 1, 
Column 2. 

Suppose that we use the first ten of these patterns to designate 
the ten decimal digits 0 to 9 as shown in Column 3. Then we have 
a way of identifying or representing a single decimal digit in 
four successive cycles. The pattern 1001 identifies decimal digit 
g. A second decimal digit can be represented in the next four 
cycles, and so on. 

So far the signs 1 and o have only been used as abbreviations 
for positive and negative pulses. But 1 and 0 are also the two 
digits needed for representing all numbers in binary notation, 
notation in the scale of two. In the ordinary familiar decimal 
scale of notation, 1001 means 1 times one thousand (ten times 
ten times ten, or ten to the third power) PLUS o times one hun- 
dred (ten times ten, or ten to the second power) PLUS o times 
ten (ten to the first power) PLUS 1 times unity (ten to the zero 
power). In the binary scale of notation the powers designated 
by position are not powers of ten but powers of two. So 1001 
(pronounced “one-oh-oh-one” ) in the binary scale means 1 times 
eight (two times two times two, or two to the third power), 
PLUS 0 times four (two times two, or two to the second power), 
PLUS 0 times two (two to the first power), PLUS 1 times unity 
(two to the zero power). If we add 1 eight and 1 one, we get 9, 
the decimal equivalent of 1001 in binary. So the result of this 
particular choice of systematic coding or marking of pulses is that 
we have a convenient, orderly, arithmetical numbering system 
using binary notation. 
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TABLE 1 


(1) (2) (3) (4) 
Binary 


Pulse Decimal _ Excess-Three 


No. Pattern Digit Code 
4th 3rd end 1st 


ce) oo11 
0100 
0101 
0110 
O1ll 
1000 
1001 
1010 
1011 


a] 
FOOD ONOnAKO Db KE 


LO ONoanrnwo bE ° 


_ 
db 


13 
14 
15 
16 


oO 
oO 
oO 
oO 
te) 
oO 
ie) 
1 
1 
1 
1 
1 
1 

A 

1 


mer HOC OC OnRMMHOO OO 
PRFOOPRHOOHHOOMHHOS 
POP OHOHOHMOHOHONSG 


Here are the first ten numbers in binary notation: 


101 

1 110 
10 111 
11 1000 
100 1001 


We can go as far as we like with pure binary numbers; ten is 
1010, eleven is 1011, twelve is 1100, and so on. The number 142 
in decimal is 10001110 in binary, because if we take the powers 
of two corresponding to the ones in 10001110, we obtain 142 in 
decimal: 2, plus 4, plus 8, plus 128. Since long, pure binary num- 
bers are sometimes troublesome to deal with, because their repeti- 
tious patterns of ones and zeros are confusing to the limited 


human mind, there has been some use of octal notation, or nota- _ 


tion in the scale of eight. Each cluster of three binary digits is 
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fepresented by a digit o to 7 in the scale of eight. For example, 
10001110 is written in clusters as 10,001,110, and then translating 
to the scale of eight, 10 is written as 2, 001 as 1, and 110 as 6, 
So this number becomes 216 in the scale of eight. This we can 
vorify easily as 2 times eight squared, plus 1 times eight, plus 6 
nits; or, using decimal notation, 2 x 64, plus 1 X 8, plus 6, which 
equals 128 and 8 and 6, or 142. Binary notation is basic to many 
of the operations of automatic digital computers; octal notation 
ls borderline, used only from time to time; but the coded decimal 
notation, in which sets of binary ones and zeros are used as codes 
for individual decimal digits, is fundamentally important. 

The pure binary code for decimal digits, from oooo for zero to 
1001 for nine, is not very frequently used. Other possible choices 
for coding decimal digits are more often used, 

One of the important other choices is called the binary excess- 
three code. This system arranges that each decimal digit is rep- 
resented as three plus the corresponding binary number, zero as 
0011, One as 0100, . . . , nine as 1100. A particular advantage of 
this system is that subtraction becomes much easier, because the 
binary excess-three code for nine minus any decimal digit is 
the same as the ones complement (see below for definition ) of 
the binary excess-three code for such decimal digit. For example, 
vero 0011 and nine 1100. 

Although there are at least a dozen different kinds of hardware 
used for storing, transferring, and manipulating information ex- 
pressed in binary coding within a digital computer, surprisingly 
enough the principles or logic for doing these operations are 
comparatively simple and rather independent of the particular 
hardware elements which may be used to express them. 

Now suppose for an example we trace through the operation 
of adding two numbers, 2 and 3, in a high-speed electronic digital 
computer and obtaining 5 for the answer. This will illustrate the 
logic of circuits in a computer, and explain some important con- 
cepts of information and its flow. 


3. A Logical-NOT Circuit 


The first computing circuit which we may consider is a 
“logical-NOT circuit”, which changes a pulse into its negative. 
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This kind of circuit is also called, when one is dealing witl 
electronic pulses, a phase inverter. , 

A phase inverter is a circuit which takes in a positive p 
and puts out a negative one, or takes in a negative pulse and 
puts out a positive one; in other words, it inverts (or negates) 
the pulse. If a is the information or pulse in the input line, and } 
is the information or pulse in the output line, then the circui 
operates as follows: if a is 1, then c is 0; if a is o, then c is 1. The 
equation for its function is c = 1 - a. The circuit expresses the 
ones complement for a single digit, where the ones complement 
of any binary number a is defined as the binary number obtained 
by writing o for each 1 in a, and 1 for each o in a; for example, 
the ones complement of 1001 is 0110, 

One kind of phase inverter is an electronic tube with three 
parts, a cathode, which emits electrons, a grid, which controls 
the flow of electrons, and a plate, which may or may not receive 
electrons from the plate. In Figure 4a, we see a diagram of it, 
The tube can be either conducting or not conducting. When the 
tube starts to conduct, the grid jumps from a voltage more nega- 
tive (o) than the cathode to a voltage more positive (1) than 
the cathode, the electrons given off by the cathode immediately — 
pass through the grid, reach the plate, and cause a current to” 
flow so that the voltage on the plate drops from high. (1) to low 
(0). Thus a positive pulse to the grid causes a negative pulse 
from the plate. When the tube stops conducting, the grid drops 






Ficure 4. 
Output 
line, c 
Plate 
Inpu Grid Input Output 
ic a Cathode line, a line, ¢ 


Phase Inverter 


Cc =NOT-~a, c =1-a 


(b) Block diagram of a 
phase inverter. 


(4) Circuit diagram of an 
electronic tube (triode) as a 
phase inverter. 
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TABLE 2 


Function Table for Phase Inverter, or NOT circuit 
ale 


1 Oo 
i?) 1 


to a voltage more negative (o) than the cathode, electrons stop 
flowing from the cathode to the plate, and the plate jumps to a 
high voltage (1). So a negative pulse to the grid causes a posi- 
tive pulse from the plate. The function c = 1 - a of the phase 
inverter exactly describes the pulse operation of the electronic 
tube. (See Table 2.) 

Other devices besides an electronic tube of this kind can be 
phase inverters. It is convenient, therefore, to use a block diagram 
for this circuit regardless of hardware, and this is shown in 
Figure 4b. 


4. A Logical-AND Circuit 


The next computing circuit we need to consider is called a 
“logical-AND circuit” or “AND-gate”. This is a circuit which gives 
a pulse on the output line c if and only if it receives two pulses, 
one on each of two incoming lines a and b. The function table 
for the circuit is therefore as shown in Table 3. One way of con- 
structing this circuit is from diodes (symbol-p|), devices often of 
germanium or silicon crystals, which allow electricity to flow 
through only in one direction, shown in the diagram by the point 
of the arrow head. A circuit diagram and a block diagram are 


TABLE 3 


Function Table for AND-gate 


= ab 
b 


8 6 





ke FB OO”; 
Ky OF Oo 
Koo ols 
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shown in Figure 5. This circuit expresses multiplication of 
binary numbers either of which may be 0 or 1, c = a X b=ab. 
is called an AND circuit because in the branch of logic 
mathematics called Boolean algebra, the operator AND has 
cisely this definition. 





Ficure 5. 
Inputs 
Output 
Inputs 
a 
A, 
Resistance or AND m 


c=a AND b, c= ab 


(b) Block diagram of an 
AND circuit. 


M Positive voltage, 1 


(a) Circuit diagram of an 
AND circuit using diodes. 












To understand the circuit diagram, consider how it operates 
There is a positive voltage (represented as 1) at point M below 
the resistor. The voltage at point N above the resistor will be o 
(low) if a is low or if b is low because current will flow through 
the resistor readily and the voltage will drop across the resistor, 
But if both a and b have a high voltage (1), then the voltage at 
N going out on line c will be high also (1) because no current 
is flowing, and therefore the voltage at the two ends of the resistor 
must be the same. Hence c is high if and only if a and b are 
both high. 


5. A Logical-OR Circuit 


The third computing circuit we need to consider is called a 
“logical-OR circuit” or “OR-gate”. This is a circuit which gives a 
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pulse on the output line c if and only if it receives a pulse on 
one or the other or both of the two input lines a and b. The 
function table for the circuit is therefore as shown in Table 4. 
This circuit can also be made out of diodes. A circuit diagram 
which performs the OR-function is shown in Figure 6a, and its 
functioning can be easily reasoned out. Its analogous block dia- 
gram is shown in Figure 6b. This circuit expresses the following 
function for two binary numbers a and B, either of which may 
be o or 1 only: c = a + b — ab. It is called an OR circuit because 
in Boolean algebra, the operator OR has precisely this definition. 


Ficure 6. 
a 
c 
b 
m Oo. 
u c 
or OR 
b 
Input Output 
Zero voltage, 0 
cza+b—ab 
(a) Circuit diagram of an (b) Block diagram of an 





OR circuit using diodes. OR circuit. 
TABLE 4 
Function Table for OR-gate 
c=a+b-ab 
a ble 
0 0!0 
o 1/1 
Ole 
oe Oe 
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6. A Logical-EXCEPT Circuit 


The next computing circuit which we need to consider is a 


the inhibit line. The function table for the circuit is therefore 


shown in Table 5. This circuit may be composed of a phase in- — 


verter and an AND circuit. Only a block diagram is needed to 
indicate this circuit. (See Figure 7.) This circuit expresses the 


following operation for two binary numbers a and b, either of _ 


which may be o or 1 only: c = a (1 - D). 


Inhibit-line 





Ct = at —3 
c= a EXCEPT b, c = a(1—b) : 


Ficure 7. Block diagram of 
an EXCEPT circuit. 


Ficure 8. Delay line, 

delaying 3 pulse times. 
TABLE 5 

Function Table for EXCEPT circuit 


a ble 
0/0 





~r COO 
rk On 


ce) 
1 
Oo 


7. A Delay Line 


The fifth computing circuit which we need to consider is a 
delay line, an electrical device which will delay a pulse for one 
cycle or for two cycles or for any specified exact number of 








“logical-EXCEPT circuit”, or “EXCEPT-gate”. This is a circuit — 
which gives a pulse on the output line if and only if it receives a ; 
positive pulse on line a and a negative pulse on line b called — 
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cycles. The block diagram for a three-pulse delay line is shown 
in Figure 8. The equation for it is c; = a:;_3, meaning that c 
at time ¢ equals a at time ¢ — 3. 


8. Binary Adder 


We are now ready to put together these various circuit elements 
and demonstrate binary addition for a simple case. Let’s take 2 
and 3 added to make 5, or in binary notation, 010 plus 011 equals 
101. 

Figure g shows a binary adding circuit which makes use of 
two AND-gates, two OR-gates, two EXCEPT-gates, and a one- 
pulse delay line. Let us see if it works. 

On input line a comes the binary number 010 (two). In time 
with it on input line b comes the binary number 011 (three). At 
the first pulse-time, o from a and 1 from b present themselves at 
the first AND-gate, and o comes out (since o equals 1 times 0). 
Also, the same two digits enter the first OR circuit, and 1 comes 
out, because 1 = 0 + 1 — or. 0 enters the “inhibit” line of the 
EXCEPT-gate, and 1 enters the other line; the EXCEPT-gate 
issues a 1, because 1 = 1 (1-0). The 0 now enters the one-pulse 
delay line and comes out as a 0 at the second pulse time. But 
since we assume that the machine has just been turned on, o 
issues from the one-pulse delay line at the first pulse time. Now o 
and 1 enter the second AND-gate and o issues. 0 and 1 enter 
the second OR-gate, and 1 issues. The 0 going into the second 
EXCEPT-gate on the inhibit line does not inhibit it; the 1 enter- 
ing on the other line passes through; and on the output line c 
we receive the first correct digit of the sum, 1. 

The same kind of reasoning, with due attention to the circulat- 
ing loop, will demonstrate the correct addition of the other two 
digits of a and b, resulting in the sum 101 (five) issuing from 
the adder. 

The main advantage of this seemingly cumbersome way of 
adding is the very great speed with which it can be performed, 
considerably less than a microsecond. In fact, the Stretch com- 
puter made by International Business Machines Corporation can 
add two fourteen-decimal-digit numbers in two microseconds. 

















Ficure 9g. Binary adder, 





¢ = a(1—b) 


C = a(1—b) 


Cc za+b—ab 


c=a+b—ab 
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In the same way in general, the other calculating operations of 
the computer can be performed. The positive and negative pulses 
can be written, stored without power, read, or erased in the com- 
puter memory, in the form of polarizations of magnetic cores or 
spots on magnetic surfaces. 


g. Boolean Algebra 


In the preceding paragraphs we have referred to logical NOT, 
logical AND, and logical OR. These three ideas are the key opera- 
tors of a kind of algebra called Boolean algebra, in the same way 
as PLUS, MINUS, TIMES, and DIVIDED BY are the key opera- 
tors of ordinary elementary algebra. Boolean algebra is an im- 
portant and interesting algebra, in many ways simpler and 
easier than ordinary elementary algebra; it has proved to be in- 
dispensable in the design of circuits for control, computing, and 
communicating. It is named after a great English mathematician, 
George Boole, who lived from 1815 to 1864, and who published 
a book in 1854, The Laws of Thought, which was a landmark in 
the development of an algebra for dealing with logical reasoning. 

Following is a very brief summary of one form of Boolean 
algebra as it applies to circuits, for those who have an acquaint- 
ance with elementary algebra, and would like to understand and 
use Boolean algebra. 

(1) Designation of Elements. Let us agree that the letters 


a, b, c, x,y. . . stand for the information in switches, wires, or 
other circuit elements A, B, C, X, Y. . . . Imagine that attached 
to each wire or circuit element A, B,C ...isataga,b,c... 


which has the information T (for true) or 1 if the circuit element 
is conducting current (see Figure 10), and has the information F 
(for false) or o if the circuit element is not conducting current 
(see Figure 11). 

Now of course in elementary algebra the letters a, b, c stand 
for numbers; but in this form of Boolean algebra they only stand 
for the values T or F, or the values 1 and o. (This 1 and o are 
used because they turn out to be like the one and zero of 
numbers. ) 
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‘ FIcureE 10. Ficure 11. 
| Continuous wire | Broken wire 
| B. | 

. c=0 


The output equals 1. (Current 
is always obtained.) 


The output equals o. (Current is 
never obtained.) 


The following definitions and rules express this kind of Boolean 
| algebra, the relations of switches in circuits: 
| (2) Meaning of Equality. a EQUALS c (written more briefly 
as a = c) if and only if switch A is ON when switch B is ON, 
and switch A is OFF when switch B is OFF. In other words, if @ 
| is 1, then c is 1, and if a is o, then c is o. a 
: This can happen mechanically in the case where there are wo 
decks or poles of the same switch. Also it can happen electrically 
| if two switches are connected in such a way that they beha' 
/ in unison, like the two sides of an electrical toaster, which are 
always either both on or both off. (See Figure 12.) 
i 
} 
| 
| 
! 





FIcurE 12. 


Source 
of current 


I es 


© Output line 


= Sink of current 
c=a 


Switch A 


The information in the output line c 
/ is the same as the information in the 
switch a. 
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The table of all possibilities follows: 


the truth of 
a c a=c 
re) 0 1 
oO 1 7) 
1 oO fo) 
1 te) 1 


(3) Series Circuit. a AND b (also written a:b, or ab) expresses 
or designates the succession of two switches serially one after an- 
other, so that current passes to the output if and only if switch 
A is ON and switch B is ON. See Figure 13; current is present 
in the output line if and only if both switches are closed. 


— 


FIGURE 13. 


3 Switch A 
| "| Switch B 


c=a-b 


The output c equals a AND b; 
Series Circuit. 


The table of all possibilities follows: 


b le ab 


HrROOo|A 
rk OF O 
roo oll 


(4) Parallel Circuit. a OR b OR BOTH (written a v b) ex- 
presses or designates the arrangement of two switches “side by 
side”, so that current is obtained in the output line c if switch A 
is on or if switch B is on, or if both are on. See Figure 14. 
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Ficure 14. 


Switch A | * | b  gwitch B 


= avb 
The output c equals a ORb OR 
BOTH; Parallel Circuit. 
The table of all possibilities follows: 
a b |c=avb 
oO ° ° 
° 1 1 
1 ° 1 
x 1 1 
FicurE 15. 
Switch A 
ip Transfer Contact 
Normally Normally Open 
Closed Contact Contact 
d=a 
c=a! 


The output c equals NOT-a; Negative Circuit. 
(Actually there will be a small part of the 

time [perhaps ¥, 990 of all the time] when 

the movable blade of the switch [or its 

analog electronically] is changing from one 
contact to the other. For most purposes, 

this fact is ignored.) 
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(5) Negative Circuit. NOT-a (a’) expresses or designates a 
circuit element c which is ON if A is OFF and which is OFF if 
A is ON. If the circuit contains a switch that has three contacts 
or terminals, a “transfer” terminal, a “normally open” terminal, 
and a “normally closed” terminal (see Figure 15), then current 
is obtained in the output wire if and only if A is OFF. 


The table of possibilities follows: 


a Co sa 


i) 1 
p oO 





(6) Rules. Following is a convenient summary of rules for cal- 
culating with Boolean algebra: 


avb=bva a OR b is the same as b OR a 

a‘b=b-ea a AND b is the same as b AND a 

(avb)ye=av(bvc) (aOR b) OR ¢ is the same as a OR 
(b OR c) 

(a* b)c = a(b*c) (a AND b) AND cis the same as a AND 
(b AND c) 

a(byc) =abvyac a AND (b OR c) is the same as (a AND 


b) OR (a AND c) 
avbe=(avb) (avc) aOR (bAND c) equals (aOR b) AND 


(a OR c) 
ava=a a OR a is the same as a 
aa=a a AND a is the same as a 
avab=a a OR (a AND b) is the same as a 
a(avb) =a a AND (a OR b) is the same as a 
avoz=a a OR o is the same as a 
a‘ism a a AND 1 is the same as a 
avi=l1 a OR 1 equals 1 
a*o=0 a AND o equals o 
ay@7@=1 a OR NOT-a is the same as 1 
a-‘a=o0 a AND NOT-a is the same as 0 
(avb)’=a°bV’ NOT-(a4 OR b) equals NOT-a AND 
NOT-b 
(ab)’ =a’ vb’ NOT-(BOTH a AND b) equals NOT-a 
OR NOT-b 





Ficure 16. Circuit to be simplified. 


Source 


of current 


D-2 


A-1 


B-1 


B-2 


C-2 


A-2 


C-3 
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(a AND b) OR (a AND NOT-b) 
equals a 

(a OR b) AND (a OR NOT-D) equals a 

NOT-(NOT-a) is the same as a 


aby ab’/=a 


(avb) (avb’) =a 
(7’)’ =a 


v=o NOT 1 is o (NOT T is F) 
Oo =F NOT o is 1 (NOT F is T) 
a = b is equivalent to a EQUALS b is equivalent to (a AND 
ab/ya’b=0 NOT-b) OR (NOT-2 AND )b) 
EQUALS o 


Any one of these rules can be proved by making a table of all 
the possibilities, calculating, and comparing. 

(7) An Example. How does one use this kind of algebra? Well, 
suppose we have the circuit shown in Figure 16, and desire to 
simplify it. We notice that in each of the four paths going down 
there are four contacts, one each of the four switches A, B, C, and 
D. Let us write down the equation for the information in the 
output line e: 


b’a'd’c v a’c'db v d'b’cav dcab = e 


Now our problem of simplifying is reduced to applying the rules 
of Boolean algebra which have been set forth above. But let us 


‘Ficure 17. The equivalent simplified circuit. 


Source 
of current 








84 “ HE COMPUTER REVOLUTION 

not work through the algebra here—let us go at once to the si 

plified expression: 
(ac V a’c’) (bd V b’d’) =e 


This circuit we can express as shown in Figure 17. Instead o 
using four contacts of each of four switches, we use only om 
contact of each switch, a contact which has both a normally op 
terminal and a normally closed terminal. 
Of course, this is simply a single, not very complicated, e: 
ample of the use of Boolean algebra. But it has wide and essential 
application in the design of complicated yet efficient computir 
and control circuits. 
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CHAPTER 7 


CONVERSATION WITH A COMPUTER 


SOME DEMONSTRATIONS IN 1959 


Of all the territories of application of computers to human affairs, 
one that is very likely to have most far-reaching effects is the 
territory in which computers converse and discuss with human 
beings, using ordinary language, and handling ideas appropri- 
ately. This is a future development which clearly casts its shadow 
before. 

Now, in order not to be misunderstood, we must make clear 
that here “discuss and converse” means “in writing, with charac- 
ters such as those produced by a typewriter”; in other words, 
both the human being and the computer exchange messages in 
writing. Conversation and discussion by voice and microphone 
is, of course, not impossible, but it is much further in the future 
than discussion using only typed characters. Computer recogni- 
tion of consonants, vowels, and words of a given spoken language, 
as they vary from speaker to speaker, is probably still a number 
of years in the future; but discussion using typed characters, in 
some important respects, already exists. 

In the field of mathematics, for example, this state of affairs 
already exists. Computers actually handle ideas such as “2”, 
“square root”, “if. . . then”; they behave appropriately in regard 
to these ideas. Computers are discovering proofs in high-school 
geometry. Computers are already playing chess, moderately well. 
Computers are translating from one natural language to another, 
with satisfactory handling of the different meanings of words and 
the influence of context in choosing appropriate meanings. All 
these applications of computers clearly involve the handling of 
ideas. 

We find ourselves therefore at the threshold of a new and re- 
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markable development: computers that will discuss and reason 
using language and dealing appropriately with ideas. 
How can a computer be programmed to discuss using ideas? 
To begin to answer this question, let us consider some actual 


examples of conversation with a computer which took place in 


1959. Incidentally, these examples should settle the issue, “Is con- 
versation with a computer actually possible?” 


1. Conversation with a Computer 


The question of conversation with a computer has a key inter- | 
est because the English mathematician A. M. Turing, about 1939, _ 


suggested that a machine could be said to be capable of thinking 
if it could carry on a conversation with a human being, located 
in another room, in such a way that the human being could not 
tell if he were conversing with a machine or with another human 
being. Since that time, this definition of a computer's thinking 
has stood as a challenge to computer people. 

To make a beginning on programming a computer to converse, 
it is clearly desirable to restrict the problem to some simple ev- 
eryday subject, for example, the weather. About 1954 John W. 
Carr, III, now director of the computing center at the University 
of North Carolina, was giving a course on computers for students 


at the University of Michigan; he assigned to his students as an — 


optional problem for additional credit the problem of program- 
ming a computer to carry on a conversation about the weather. 
But no student took up the challenge. 

In December 1958 it was decided to work out in detail a ver- 
sion of this problem with suggested analysis for programming, 
and to try to persuade some computer center to actually run the 
problem on a computer, to demonstrate the fact that a computer 
could carry on a conversation. 


2. Sample Problem: Conversation about the Weather 
between an Elevator Man (the Computer) and a Passenger 


To simplify the problem yet leave it interesting, the computer 
was cast in the role of an elevator man in a building, who cannot 
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see the weather outside, and the human being conversing with 


the computer was cast in the role of a passenger riding up in the. 


elevator. The weather was specified to be autumn weather. 

A number of samples of imagined possible conversation which 
ought to be programmable were written down. Here are the first 
two samples: 


Sample 1: 

Elevator Man: What is the weather like outside now? 

Passenger: Why, you know, you must have seen it. 

E: Saw it a long time ago, and it changes—in here all day, you 
know, all we see is people with rain on their clothes or with- 
out rain on their clothes. 

: Well, the rain has stopped, and there is a south wind blowing. 

: Then it must be pretty damp and humid. 

: It sure is. 

: Yes, terrible weather we have been having. 

: Yes, terrible. 


~~ El Ei 


Sample 2: 
New Passenger: Cold weather we have been having recently. 
E: Yes, terrible weather we have been having. 
P: I wonder when it will stop—I suppose all we can hope for is 
snow instead of rain. 
E: Yes, that is about all. 
T'll be glad when the summer comes again—summer is never 
too long for me. 
: Nor for me either. 
What do you think the weather will be tomorrow? 
: More of the same—that’s what I say—that forecast is right 
more often than the weather man’s forecast. 
You are so right! 


Hom 


= 


3. Some Tentative Rules 


After considering all these sample conversations, the following 
tentative rules for programming the computer were put down: 
1. The elevator man (the computer) should not be expected 





10. 


11. 


| 
| 
| 
| 
1 





. Each conversation should allow the passenger to make not 


. If the passenger mentions another topic, the elevator man 
. If the passenger uses more than twenty words in one sen- 


. If the passenger’s remark is discovered to be defecti 


. The elevator man is required to make some kind of an ap- 


. The elevator man is required to be able to determine (1) 


. An idea is the meaning common to a group of expressions 


. It is convenient to designate an idea by (1) an agreed-on, 
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to talk about anything except (1) autumn weather; and (2) 
the floor where the passenger will get off. q 


more than four statements, each of not more than twenty 
words. 


says “Hunh?” 
tence, the elevator man says “Hunh?” 


grammatically, or nonsense, etc., the elevator man sa 
< > 
Hunh?’ 


propriate response to anything that the passenger says; the 
passenger must use reasonable, ordinary language (judged 
as such by a human umpire, if necessary). 


what the sentence is about (the ideas in the sentence), (2) 
the subject, (3) the predicate (what is said about the sub- 
ject), and (4) whether the sentence is a statement or a 
question requiring an answer. 


all having the same meaning. Example: “two, pair, double, 
deux, zwei, duo, 2” all have the same meaning (varying 
slightly according to context), namely “two”. 


arbitrary symbol, or else (2) a word specifically chosen in a 
given discussion or context as being the closest word in 
meaning to the idea. Examples: (1) in arithmetic and 
algebra “2” is the regular unique symbol for the idea “two” 
(in other words, 2 stands for the idea and is used for it). 
(2) In law the word “tort” is specifically chosen to denote a 
civil wrong (other than a breach of contract or trust) such 
as the law requires compensation for in damages. 

The analysis of pieces of conversation between the pas- 
senger and the elevator man should be based on collecting 
sets of words that have essentially the same meaning (ex- 
press basically the same idea), and should choose single 
symbols or sets of symbols for each idea. 
The response by a second speaker to a piece of conversa- 
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tion by a first speaker will ordinarily consist of (1) deter- 
mining an idea (or set of ideas) that responds to the idea 
that has just been expressed by a first speaker, and (2) 
expressing the response idea as a random selection among 
sets of words all of which express the response idea, Ex- 
ample: the idea of “neutral reaction” by the elevator man 
may be expressed by any one of “You never can tell,” “One 
guess is as good as another,” “Can't prove it by me,” “Unh- 
hunh”, 

12. It is only necessary for the elevator man to have a rather 
small repertoire of responses to choose between; and the 
elevator man needs to understand the meaning of the pas- 
senger’s remark only to the extent needed to give a fairly 
appropriate response, not necessarily an exactly appropriate 
response. 


4. Translation of Conversation into Ideas 


The next stage was to inventory and label all the ideas appear- 
ing in or suggested by the imagined possible samples of conversa- 
tion between the elevator man and the passenger. This inventory 
is shown in Table 6. 

As an illustration, following is a rough translation of Sample No. 
1 into the labeled ideas. 


Sample 1: 

Elevator Man: What is the weather like outside 
now? (Elevator man Questions Weather 
Now) 

Passenger: Why, you know, you must have seen Pa Su 
it. (Passenger Surprised) 

E: Saw it a long time ago, and it changes—in 
here all day, you know, all we see is people 
with rain on their clothes or without rain on 
their clothes. (Elevator man Explains) 

P: Well, the rain has stopped, and there is a 
south wind blowing. (Passenger Reports 
THAT Rain Has Stopped AND South Wind 
Blowing) 


El Qu We Nw 


El Exp 


Pa Rp (Ra H 
St - So Wi Bl) 


| 
i} 
| 
Hf 
i 
( 
l 
i 





Co cold, freezin 


g 
Mi__ mild, balmy, pleasant 


Season Se 

Sm summer 

Au autumn, fall 
Sp __ spring 

Wn winter 

Yr year 


Wind Wi 

Sl © still, c 

Bl blowing, windy 
So south wind 

Nr north wind 

Ws west wind 

Ea east wind 


Weather We 

Gd_ good weather, 
fine weather 

Bd_ bad weather 

Tr terrible weather 

Us usual weather 


Humidity Hu 
Dr 


Wt wet, humid 


Relative Time 

H __has happened (past) 

- _ is happening (present) 
(understood ay 

W1 will happen (future) 


Change Ch 
Cn _ continuing, going on, 
no change 


B beginning, starting 

st stopping, finishing, 
ending, ceasing, 
letting up 

Agn again, soon 

Tn changing, shifting, 
turning to 


Frequency 

Nv never 
Alw always 

Sti sometimes 


Sequence 

La last, yester- 
Th this, to- 

Nx next, -morrow 
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E: Then it must be pretty damp and humid. El Com Hu Wt 12, Amount Amt Su is surprised 
(Elevator man Comments Humidity Wet) V__svery Lk _ likes, is glad about 
P; It sure is, (Passenger Yes) Pa Y Hy Maio ek pec nas 
E: Yes, terrible weather we have been having. El Y * El Com — ¥en 
(Elevator man Yes AND Elevator man We Tr Re 13. Persons 16. Correctness 
Comments Weather Terrible Recently) eo re is ap vi 
i. ible. Pa Y ievator man not it, wrong 
P: Yes, terrible. (Passenger Yes) a Vek capAuie aie eam 
17. Denial and Connectives 
14. Floor Fl N_ not 
TABLE 6. IDEAS INDICATED bape pikagdpoepnch: ap nie 
21 and up no such floors vy or 
Yo your floor 
| 1. Precipitation Pr 7. Time Ti 18. Agreement Ag 
i Ra _ rain Mng morning 15. Actions yes, agrees, certainly 
Sn snow Da day Fe __ forecasts No disagrees, no 
Fg fog, mist Afn afternoon Qu = questions Nu _ neutral, indifferent 
Cl cloudy, overcast Ev evening Wo wonders, wonders about Pt partially, it depends 
Br _ bright, sunny, clear Ni night Rp reports Mb ini perhaps 
Re __ recently, last period Rq _ requests Pb _ probably 
Temperature Te Nw now Sr _ is sarcastic about NKn not know 
Pag Miring Np __ next period, soon 
oho 


5. Computation Centre of the University of Toronto 


Searching for a computer to put the problem on, I discussed 
it with the Computation Centre of the University of Toronto. Dr. 
Calvin C. Gotlieb, director of the Centre, classified it as a frontier 
problem having interest; and he gave it to Mr. L. E. S. Green, 
mathematician and programmer, to analyze, program, and code. 
Mr. Green rethought and reorganized the problem and wrote a 
program for an IBM 650 computer. 

His first preliminary program ran on the eotapurtar in April 
1959. It showed a surprising degree of success, but also some 
“stupid” or “deaf” answers. The second preliminary program ran 
in August 1959 and was a good deal more satisfactory, although 
it also contained some undesirable responses (as was expected ) 
for such reasons as failure to recognize certain English idioms, 
and incompleteness of syntactical analysis (not in the program 
because of lack of time). There was not enough time to program 
more adequately. However, a large proportion of the responses 
made by the computer were sensible and appropriate. Here is 
the substance of the account of L. E. S. Green, in his own words. 
[Beginning of report from L. E. S. Green.] 
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6. Assumptions 




















In this program a number of assumptions were made about the 
nature of the problem of conversation. These were as follows: 


Assumption 1. Conversations consist of groups of words. 

Assumption 2. In any conversation a reply to a remark (by a 
speaker) is generated by the meaning the remark has for the 
person spoken to (the listener), the environment in which the 
remark is made, the knowledge and experience of the listener, 
or by the interactions among these three factors. 

Assumption 3. In conversations about the weather, remarks 
are mainly stereotypes, and are made automatically with little 
thought on the part of the speaker. The comment “Some weather 
we're having, eh?” is such an example. 

Assumption 4. A word, or combination of words, has a mean- 
ing to a listener only if it produces an association with an experi- — 
ence in the history of the listener. As a corollary then, words — 
which give rise to no associations for the listener are meaning- 
less to him. 

Assumption 5. Words may be classified into three types, which 
we shall call ordinary words, time words, and operator words. 
Ordinary words are those which have meanings even when iso- 
lated from a context, such as “snow”. Time words describe times 
of the year, such as “October,” or a time relation to the present, 
such as “last week”. Operator words, here, have no meaning when 
separated, but when taken in their context they alter the mean- 
ing of other words. Thus, they have a function rather than a 
meaning. For example, the word “not” by itself is meaningless, 
but in the statement “The sun is not shining,” its function is to 
change the meaning of its neighbors. 


Inasmuch as these assumptions do not completely agree with 
the properties of conversations, the program at the present stage 
will occasionally generate replies which do not make sense. 
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7. Representation of Meaning of Words 


In describing how these assumptions are used in the logic of 
the program let us discuss first the representation of meaning in 
the computer program. The meaning of an ordinary word is rep- 
resented by a number pair (d,q). 

The second number of the pair, g, names the quality implicit 
in the meaning of the word; and the first number, d, gives a 
quantitative description of the quality q; that is, d is the degree of 
the quality g. For example, words describing wet weather are 
represented as: 


dew (1,1) 
drizzle (3,1) 
rain (6,1) 
cats and dogs = (7,1) 
downpour (9,1) 


A meaningless word is represented by the pair (0,0). 

The function of an operator word is also symbolized by a two- 
number pair, (d,f). Here f designates the function to be carried 
out, and d the degree to which the function f must be executed. 
Examples of operators which negate words preceding them in a 
context are: 


change (1,13) 
abate (2,13) 
stop (3,13) 


Similarly the sense of a time word is represented by the pair 
(d,t), where ¢ gives the type of time, calendar or relative, and d 
again gives the degree. Examples: 


yesterday (1,10) 
today (2,10) 
tomorrow (3,10) 
December (1,9) 
January (2,9) 


February (3,9) 
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About 300 English words and their meaning representations in 


the form of pairs of numbers were stored in the computer’s mem- — 
ory during the program. This set of words constitutes the com- — 
puter’s recognition vocabulary—the computer finds these and only — 


these words significant in its discourse with a human being. 
Hence we can say that a given word produces an association with 


the computer, if the computer is able to find this word in its — 


recognition vocabulary. 


8. Representation of Meaning of Remarks 


Inasmuch as a remark consists of a group of words, a remark 
may have a meaning also. This meaning is determined by carry- 
ing out the functions of the operator words on the appropriate 
ordinary words in the remark. When this is completed, all opera- 
tors in the remark are replaced by the number pair (0,0) which 
represents a meaningless word. Thus, the original remark, now 


consisting of ordinary and time words, is represented by a set ) 


of non-zero number pairs, and a set of zero number pairs. It is 


the set of non-zero number pairs that we call the meaning of the — 


remark. 


9. Generation of Replies 


The second assumption was that a reply is generated by the 
interaction among the three factors, meaning, environment, and 
machine’s experience. 

The second factor is the environment in which the remark is 
made. This environment for the machine consists entirely of in- 


formation about weather—the weather for the various months and 


seasons, and the weather for yesterday, today, and tomorrow. The 


latter type is told to the machine at the beginning of a run by a | 


command to “remember such and such,” whereas the former is 
stored internally, since the weather associated with the seasons 
is the same from year to year. In both cases the weather infor- 
mation is stored as a set of number pairs in the memory of the 
computer. 
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The third factor, the machine’s experience, has a slightly more 
varied effect. In addition to the vocabulary, this experience con- 
sists of a set of weather parameters, such as sunny skies and 
warm breezes, which the machine likes, and another set which 
it dislikes, as determined by statements given to the machine as 
instructions. Since the ordinary words in its vocabulary describe 
only weather and emotion, the machine has a rather narrow out- 
look. Hence, the only aspects of the original remark and of the 
environment which the computer can recognize are phases of 
weather, which it usually associates with a time and a preference. 


10. Stereotyped Conversation 


The third assumption was that conversation about the weather 
is stereotyped. Because of this, the computer is able to reply by 
selecting a suitable reply frame, a form of associating words, 
from its memory, filling in a few ordinary words and time words 
generated by the interactions just considered and punching out 
the result. 

In addition, the computer was programmed to make a quantita- 
tive evaluation of the degree of interaction between its “prefer- 
ences” and the incoming remark. As a result the computer is able 
to select a particular reply frame most appropriate to the whole 
situation. In all, there were stored about 350 reply frames, each of 
which contained a number of blanks to be filled in by the program 
when that particular frame was chosen as a reply. 


11. An Example 
Now let us work through a typical example. Let us suppose 
the remark is made to the computer 
“I do not enjoy rain during July.” 


The computer substitutes the numerical representation for each 
of these words as the remark is read in. The resulting sentence 
then appears inside the computer as: 


(0,0) (0,0) (314) (3.11) (61) (0,0) (8,9) 
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Note that the word “not” is an operator word with the representa- 


tion (3,14). In this remark the word “enjoy” (3,11) is the oper- 
and. The function of (3,14) is carried out on (3,11) making it into 


the new word (3,12), “dislike”, and changing the operator word's 


representation to (0,0): 


(3,14) (3,21) > (0,0) (3,12) 
not — enjoy —— dislike 


The meaning of the remark is now said to be the set of non- fl 


zero pairs: 


(3,12) (61) (89) 


This combination of qualities in the original remark causes the 
program to compute the degree of interaction between the © 


weather mentioned in the statement: 
rain (6,1) 
and the weather associated with the month of July: 


heat (7,5) 
blue skies (6,3) 


It finds that the two sets of weather parameters are in: 


essential disagreement 


Now the program must choose a reply frame. It notes that the 


original remark is characterized by: 


weather (rain) 

emotion ( dislike ) 

calendar time (July) 

statement (period, not question mark) 


and that the interaction gave a result of: 


disagreement 


In the computer’s memory there is a reply frame corresponding — 
to this particular combination of qualities and interactions. The — 
program then selects this frame, which happens to be this: 
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“Well, we don’t usually have —— weather in —, so you will 
‘probably not be disappointed.” 


This contains two blanks. The program then proceeds to fill in 
the blanks with words originating from the remark, environment, 
or machine’s preferences. In this case the reply would then be: 


“Well, we don’t usually have RAINY weather in JULY, so 
you will probably not be disappointed.” 


12, Some More Examples 


To obtain more examples, we instruct the machine with its cur- 
rent preferences and current experience: 


Remember this month is August. Today we had rain and 
severe heat. 

Yesterday it was sunny and hot. Tomorrow will be cold and 
cloudy. That is all. 


Then for various remarks by the observer O, the machine M re- 
plies as follows: 


: Did you enjoy the rain we had this afternoon? 
: Not really, what I like is sunny weather. 
: In hot weather one needs at least one bath every day. 
: Yes, I was just out and it was sweltering. 
When Christmas comes we will have some colder weather. 
: Cold? Yes, it’s usually pretty frosty during December. 
Do you think atomic weapons-testing affects the weather? 
: Your query is an interrogation of no consequence to me. 
However, how do you feel about today’s rain? 


ZOZOZOZO 


An example of an error caused by this program is: 


O: Can you tell me what the weather is like? 
M: Well I like sunny weather, not the rain we are having today. 


Here the computer has incorrectly interpreted the word “like” to 
mean “prefer”, and so the reply does not adequately correspond 
to the real meaning of the original remark. What is needed to 
correct the program is instruction to the computer how to dis- 
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tinguish between “like” meaning “prefer” and “like” meaning 7 
“similar to”. 


13. Statistics on the Program 


Some statistics on the second preliminary program are as 
follows: 
1. Number of instructions in the program: about 800. 
2, Number of decisions in the program: about 200. 
il 3. Number of words in the machine’s recognition vocabulary: 
319, but that can be easily increased. 

4. Number of reply frames from which the machine can 
choose the form of an answer: about 350, but this also can be 
easily increased. 

5. Number of words (referring to weather, place, and time) 
that the machine uses to insert into blanks in the reply frames: 
about 75, but this also can be easily increased. 

6. Number of parameters of meaning about which the machine 
can react at least partially (such as temperature, humidity, pre- 
cipitation, wind, month of year, relative time, place, emotional 
preference, etc.): 17. 

7. Time required to generate a reply: about 20 seconds. 


i 14. Limitations of the Present Program 


it The mathematical model on which the program was based 

contains only very limited recognition of many parts of English 

syntax. For example, there is no recognition of subject and 

ml | predicate; nor does it distinguish between nouns, adjectives, and 
1 verbs. In spite of this crudity, the results in passable conversation 

are surprisingly good, which in a way is a commentary on the 

shallowness of ordinary conversation about the weather. An un- 

settled question is how little additional syntax would have to be 

included so that the program would plausibly imitate a man. 

[End of report of L. E. S. Green.] 








f 


THE DISCUSSING COMPUTER 101 


15. Comments 


This actual experiment in 1959 with an automatic computer 
provides, it seems to me, convincing evidence for some important 
propositions about computers and about ideas. 

1. Theorem: A computer can operate reasonably with ideas. 

2. Theorem: An idea for the purposes of a computer is a 
specification of the meaning of a word or set of words. 

3. Theorem: This specification of meaning can very often but 
not always be represented with a pair of symbols, one standing 
for a parameter such as “weather” or “emotion” and the second 
standing for a value of the parameter such as “rain” or “dislike”. 











CHAPTER 8 


COMPUTER CONVERSATION COMPARED 
WITH HUMAN CONVERSATION 


SOME DEMONSTRATIONS IN 1960 
















There was an interesting sequel to the work on conversation 
with a computer reported in the preceding chapter. This was 
carried out by Patrick J. McGovern as a research project at the 
Massachusetts Institute of Technology, in the spring of 1960, His 
work was reported in a paper which was published in Computers 
and Automation in September 1960, Here is an account of what — 
he did and what he proved, largely in his own words. [Beginning 
of report from P. J. McGovern.] 


The English mathematician A. M. Turing twenty years ago 
suggested that a computer could be said to be capable of think- — 
ing if it could carry on a conversation with a human being in > 
another room in such a way that the human being could not tell 
whether he was conversing with a computer or with another per- 
son. Since that time this definition of computer “thinking” has 
stood as a challenge to computer workers that has not yet been — 
satisfactorily answered. 

This paper reports an approach to the satisfactory application 
of this criterion, presents a program that illustrates this approach, 
and analyzes the success of this program by a technique analogous 
to that suggested by Turing. 


1. Characteristics of a Conversation 


In examining the problem of conveying meaning in a conversa- 
tion, we see that there are rules and regulations commonly known 
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as grammar which do not permit a structureless jumble of words 
to comprise a conversation. Similarly, there is a structure to in- 
dividual word groups, sequences of word groups, and operations 
between word groups that enable them to express meaning in a 
conversation. 

Meaning in a conversation is a sequence of thoughts expressed 
by word groups, or symbol groups comprising a punctuation 
mark, a word, or a group of words. A thought, as defined here, 
is identified by: 


(1) A key word or pattern of words which expresses the sub- 
ject at hand. 

(2) A modifying word or words which pinpoint what we wish 
to say about another thought group. 

(3) A word or pattern of words which operates on the subject 
at hand. 

(4) A key word or group of words which identifies an object, 
or the thing operated upon. 

(5) A key word or group of words which identifies the modi- 
fication to the object. 

(6) A key word or group of words which identifies spatially 
and temporally the modification of the operator thought. 


With these thought groups defined we can approach a working 
definition of a conversation as: an exchange of thought group 
sequences between two or more persons during which thought 
sequences are generated by the meaning of the remark that the 
person has listened to, the environment in which the remark is 
made, the knowledge and experience of the person, and the emo- 
tional state of the person at the time. The interaction of these 
four factors is the control mechanism in the generation of con- 
versational statements and replies. 


2. Conversation Type to be Used by the Computer 


Clearly an attempt to program a computer to carry on an in- 
telligent, and responsive, conversation with a human being in a 
wide range of subjects is too complex a task to accomplish im- 
mediately. However, an effective beginning to the problem can 








| 
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be made by choosing a common everyday topic of conversation 
and preparing this for machine operation. A reasonable choice — 


is the topic of the weather, for it is an aspect of life about which 
almost all people have personal knowledge, and have the capac- 
ity to conduct conversational thought exchanges. The topic of the 
weather was chosen for this computer-person conversation pro- 
gram. 


3. Outline of a Complete Programmed Conversation 


For a complete programmed conversation the computer must 
have the following abilities: 


(1) Ability to take in the input remark as words. 

(2) Ability to convert the input words into a “machine lan- 
guage” which the machine can handle by its logical and arithmeti- 
cal instructions. 

(3) Ability to manipulate the word groups in such a way as 
to construct an image or representation of their meaning. 

(4) Ability to search for and choose one or more thought 
groups that are reasonably associated with the input remark. 

(5) Ability to arrange the selected thought groups in the ap- 
propriate order so that they have a meaning that is pertinent to 
the input remark and to express them in words, thus forming a 
reply. 

(6) Ability to print out this reply. 


4. Aspect of the Conversation Problem Covered in 
the Present Program 


The features of the present program are: 


(1) Each input remark is broken down into thought groups 
similar to those defined above. 

(2) Two numerical constants are assigned to each thought 
group, one specifying the grammatical character of the thought 
group, and the other specifying the quality or type of thought 
group with reference to a certain classification system. 
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(3) Prepared output reply frames are provided to the com- 
puter; one is selected depending on the characteristics of the 
operator thought group of the input remark. 

(4) Each reply frame has self-contained instructions that 
modify the essential thought groups of the output frame in ac- 
cordance with the thought groups of the input remark. 


All the above routines are included in the present program 
with the following exception: The thought groups of each input 
remark were coded, according to the arbitrary classification sys- 
tem used in this problem, by the human programmer himself 
before submission to the machine. In other words, the machine 
was presented with two numerical constants associated with each 
of the input thought groups, instead of having to search in a self- 
contained dictionary for the proper equivalent in the numerical 
bi-coded system. This procedure was followed because the prepa- 
ration and use of a complete dictionary subroutine takes an 
enormous amount of time for the programmer, and consumes 
large amounts of machine time. Furthermore, the establishing 
of a one-to-one correspondence between input thought groups 
and machine-stored thought groups and associated numerical 
constants is not logically difficult. The present program is largely 
experimental in its handling of the logical relationships between 
thought groups in order to construct convincing conversation; the 
dictionary therefore can be prepared later when a full demon- 
stration of the conversational powers of the computer are re- 
quired, and when the logic of the computer program has proven 
itself equal to the task. Also, finally, the problems associated with 
the construction of a large machine-stored dictionary are amply 
dealt with in the literature of the machine translation field. 


5. Sample Computer Response to an Input Comment 


A sample computer response to one of the input statements is 
here presented to illustrate the operation of the program in the 
computer. 

The input statement No. 17 is “June is the warmest month as 
all brides know.” The computer receives the following octal in- 
formation in its registers: 
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Subject register: 604164452560 
which is JUNE in binary-coded decimal form. 


Subject modifier register: 000000000000 
Verb register: 300000000010 


which indicates a verb of the “identity” type (which “is” truly is). 
Adverb register: 000000000002 ; 


which is stored in the adverb register if there is no negative worl 
in the sentence. 


Object registers: 606621514425 
626360444645 
633060606060 


which is THE WARMEST MONTH, stored in binary-coded decal 
mal form. 


Object modifier register: 000000000000 


This storing is accomplished by having the computer convert © 


the alphabetic characters to binary-coded decimal form, and by” 
further steps. 

After storing the above octal words in their appropriate regis- 
ters, the machine searches the input words for the type of sen- 


tence the input comment is. The period in the sentence indicates — 


to the machine that it is a “statement” comment; it then transfers 
to the statement subroutine. The period is coded as 000000000003. 


The machine then extracts the value of the bits in Columns — 
30 to 32 of the verb register, which in this case is a one. The 


machine then transfers to the instructions for printing the reply 
frame No. 1. 

This reply frame is of the form: “Well, (insert subject of the — 
input comment) is certainly (insert object of the input comment) — 
indeed. But that is the way I like it.” When the inserts have been 
selected from the subject and the object registers respectively, 
the complete reply will read: “Well, June is certainly the warm- 
est month indeed. But that is the way I like it.” , 

All runs were made on the IBM 704 with the MIT Automatic © 
Operator Program assembler and operator. 
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6. Checking the Adequacy of the Computer Program 


Before proceeding to complete and run the program we con- 
sidered how to evaluate the success of a program of this type. 
This is a challenging problem. 

A direct method of testing was sought. The following was 
finally decided upon: 


(1) A group of 25 input statements selected more or less at 
random from a large set of weather conversations actually col- 
lected from human beings would be given to the machine. The 
input statements would include statements of preference, ex- 
clamations, questions, or commentary. 

(2) The same group of input statements would be given to a 
more or less randomly selected group of 9 human beings, and 
they would be asked to give their verbal reaction to each of the 
input statements. 

(3) The single reaction of the machine, and the g reactions of 
the people, to each input statement, would be listed, but the or- 
der scrambled. 

(4) A different group of people would then be shown the 25 
input statements and the 250 replies (10 next to each input state- 
ment) and told the situation—that one of the 10 replies in each 
set had come from a computer, and that the others were from 
human beings. Each person in this group would then be asked 
to judge which one of the 10 replies for each of the 25, state- 
ments was from the computer. 

(5) The degree of success of the latter group of judges in se- 
lecting the computer’s replies would be taken as a measure of 
the failure of the program to fulfill the conditions of the problem. 
Thus, if the latter group were unable to point out the computer 
replies with any better than a random correlation, then the pres- 
ent program could be considered a success; and a solution to 
the conversation-with-a-computer problem in one field, namely, 
weather conversation, would have been obtained. 








7 
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7. Evaluation of the Program Results 


In order to evaluate the program results, each of the 25 input 
statements were shown to g people, and their responses to each — 
statement collected. Then their responses were arranged ran- — 
domly with the computer responses, and the whole 250 state-— 
ments were listed in a questionnaire, Then it was shown to 10 
other people, who were each asked to point out the computer ~ 
reply. [The questionnaire appears in Appendix 2 of this book.] — 

The results of this procedure for the total of 25 choices by each — 
of 10 people was: 42 correct choices and 208 incorrect choices. 
This means that the judging ability of the people judging was 
about 16.8%. 


This compares with the 10% that would be expected with com- q 
pletely random guessing and the 100% that would be expected if — 
their guessing were perfect. The experiment demonstrates that — 


the computer can in the great majority of instances generate con- — 
versational responses that are very largely indistinguishable from 
those generated by intelligent human beings. 


8. Summary of Present Program Statistics 


In the present program the degree of elaboration is as follows: 


(1) The number of input statements used was 25. 
(2) The number of output frames available to the computer 
was 30. 


(3) The number of self-contained instructions in the output — 


frames: 51. 


(4) The number of grammatical classes used: 10, including 


the type-of-statement indicator. 

(5) The number of classes of operator thought groups: 10, in- 
cluding the ones defined by the negative modifier. 

(6) The number of instructions in the program: 845. 

(7) The number of decisions for each input statement: 9. 


Each of the above is a first approximation. Each could be sub- — 
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stantially increased, with improvement to be expected in the per- 
formance of the program as a whole. 


g. Discussion 


Analysis of the results show some interesting defects in the 
present type of programming, and suggest several improvements 
that can be made to polish the present approach. For example, 
in statement No. 12, the input is “I enjoy nothing more than 
rainy days in April.” The phrase “nothing” is taken by the ma- 
chine to be a negative, and the output reply comes in the negative 
mode. (“Neither did I,” etc.) However, here “nothing” is coupled 
in the phrase “nothing more”, which uses this negative word to 
reinforce a positive assertion. This confusion might be overcome 
in a modified program by inserting an additional subroutine 
which compares the negative thought group with its immediate 
surroundings to see if it fits into any of the frequently occurring 
combinations of “positive assertion by denial” phrases. Then these 
could be re-established in the positive mode. However, such a 
task is not a small assignment, and it would have to be accom- 
panied by considerable analysis of patterns of expressions, and 
commonly occurring syntax, in order for it to function effectively. 

Another limitation of the present program is that it incorporates 
no memory of previous statements; the present program cannot 
modify the output statement to avoid contradiction of previous 
replies. In order for the computer to carry on a continuous con- 
versation with someone and to meet the full details of Turing’s 
criterion, some form of memory would have to be available to 
the machine so that it could not only modify its output state- 
ments on the basis of former output statements, but could also 
detect contradictions in the input remarks of the co-conversation- 
alist. This additional ability would involve a great expansion of 
the present program, and many man-hours. However, there is no 
reason to believe that attempts will not be made to accomplish 
this in the future. 

The present program could be most readily improved by ex- 
pansion in the number of categories that each grammatical 
thought group can be placed in. Also the number of output reply 
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frames, presently quite limited, could be easily expanded to pro 
vide considerable variety to the output forms, and to make each 


frame more appropriate to the corresponding type of input state- 


ments. [End of report by P. J. McGovern.] 


10. Theorems and Predictions 


These experiments in 1959 and 1960 in conversation with an 
automatic computer provide, I think, convincing evidence for 
making two predictions: 


Prediction 1: It will not be many years—I would estimate 


hardly more than ten years—before the operating of computers 


with ideas will be widespread. 

Prediction 2: When computers do operate generally with 
ideas, it will be impossible for a human being in another room to 
tell whether he is conversing with a computer or with a human 
being. 


CHAPTER 9 


IDEAS AND THEIR HANDLING BY 
A COMPUTER 


ALL THE LANGUAGE OF THOUGHT BECOMING 
CALCULABLE LIKE MATHEMATICS 


1. Discussing Ideas of All Kinds 


In the last two chapters we considered an example of a computer 
handling ideas in a conversation about the weather. We listed 
about go or 100 ideas occurring in the samples of conversation 
between an elevator man (the computer) and a passenger. 

But what about all the ideas in ordinary conversation? and 
in teaching and lecturing? and in all the books in libraries? How 
are we to program a computer to discuss, analyze, and “think” 
about ideas of all kinds? 

This problem at first glance looks insuperable; a solution seems 
even beyond the bounds of possibility. But this is not so. In the 
first place, human beings, acquiring language as they grow up, 
learn how to deal with ideas. Even a five-year-old can say mean- 
ingful long sentences, answer questions, and ask questions, show- 
ing that he can handle ideas, Any intelligent operation which a 
human being can perform and which can be explained or taught, 
a computer can perform also, and quite often the computer can 
do it better. Second, in some puzzling situations a computer can 
be programmed to react saying, “I don’t know”, “I am not sure 
what that means”, etc., just as in similar situations a human being 
appropriately makes such remarks. This would take care of such 
situations for the computer, just as it does for the human being. 
Third, there are some branches of human language, in particular 
mathematics and logic, which are thoroughly understood in re- 
gard to the structure of their ideas; these are the languages in 








112 THE COMPUTER REVOLUTION 


which computers already have been programmed to operate. It is 
reasonable therefore to expect many more branches of human 
language to become programmable for computers. Fourth, the 
experience in programming computers to translate from one lan- 
guage to another, say from Russian to English, producing correct 
and smooth translations, is a direct guide and tutor to the pro- 


grammers who will program computers to discuss. Finally, the — 


problem does not have to be solved as a whole all at once. In- 
stead it can be solved gradually, in bits and pieces, as more and 
more fields of ideas, branches of knowledge, become program- 
mable for discussion and analysis by computers. 


2. The Nature of Understanding 


Let us begin, not with an examination of “idea”, but with 
an examination of “understanding”. Understanding is observable, 
because an organism can display understanding; but an idea (in 
any organism other than one’s self) is something deduced. 

If we look up “understanding” in the dictionary, we find many 
synonyms for it, such as “capability of comprehending and judg- 
ing”, “grasping mentally”, “thorough familiarity with the under- 
lying nature of’, and so on. These definitions by means of 
synonyms are inadequate; they define in terms of unobservable 
properties. But we do find among the definitions an operational 
one, a definition based on operations which can be observed; this 
definition of “understanding” is “the power to distinguish truth 
from falsehood and to adapt means to ends.” We can actually 
check this description against the behavior of an organism that 
we are observing; we can actually see if this property is present 
in its behavior. 

For example, a wasp making a mud nest in the rafters of an 
attic displays understanding. She can choose a place for a nest, 
go and get mud, find her nest over and over again, use the mud 
to build the nest, find caterpillars, anesthetize them with her 
sting, store them away, lay eggs next to them, and seal up the 
nest. She is adapting means to ends. 

Much of this behavior of hers is, of course, instinctive. The 
term “instinctive” refers to behavior inherited and unlearned, at- 
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tached to signals that the organism has no choice but to respond 
to. Such behavior expresses only a low level of understanding, 
since it involves no acquisition of understanding as a result of 
the experience of the individual. 

But some of the wasp’s behavior is not inherited but individ- 
ually acquired, individually learned. In particular, she navigates 
in reference to the landmarks of her particular environment; she 
learns these bearings. After gathering a pellet of mud in a nearby 
mudhole, or after catching a caterpillar in neighboring bushes, 
she returns and finds again the nest she is building. Wasps suc- 
ceed in this navigation often enough to keep their species alive. 
This behavior expresses a higher level of understanding. 

An automatic oil-heating system that heats an ordinary house 
also displays understanding. A thermostat fastened to the wall of 
the living room transmits electrical signals from time to time to 
the furnace in the cellar. The temperature falls two degrees, a 
temperature-sensitive element closes a relay, the thermostat sig- 
nals “more heat”, the fire in the furnace lights and burns, the 
radiators warm up. Then the temperature rises two degrees, the 
temperature-sensitive element opens the relay, the thermostat 
signals “no more heat”, the burner in the furnace is turned off, 
and the radiators slowly cool off. The robot system is more wide- 
awake and punctual than the old-fashioned human furnace-man, 
who was supposed to call at the house twice a day, if he wasn’t 
sick and didn’t forget, and then when he did come, made either 
too big a fire or too small a fire. The automatic oil-heating system 
in fact understands the situation better than the furnace-man, 
because its simple, restricted “spark of consciousness” is always 
alert, and contains only one two-sided bit of information, “too 
cold”, or “not too cold”. 


3. A Computer's Understanding 


A big computer if elaborately programmed can display a great 
deal of understanding. For, most certainly, the computer can 
“distinguish truth from falsehood and adapt means to ends”, on a 
vast scale, It may be argued that the computer's understanding 
comes from the mathematicians who programmed it; but this 
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argument is open to the rebuttal that these mathematicians have 
themselves been programmed by their education. More than 99% 
of all they learn and understand is the result of a social and 
racial culture of global extent and more than 5000 years’ 
duration. 

The power to distinguish truth from falsehood and to adapt 
means to ends rests on the possession by an organism—animal or 
machine—of certain equipment. This equipment must be able to — 
take in information, carry out reasonable operations with it, and 
produce information, directing other parts of the organism to act. — 
As a result the organism has a degree of control over itself and 
over the outside world. In other words, the organism has a degree — 
of understanding. 

The main requirement for an organism to understand a situa- 
tion is that its physical equipment for taking in, operating on, 
and storing information must have a capacity adequate for the 
situation. What does this mean? In the case of a computer, sup- — 
pose that if it is to solve a certain mathematical problem, it must 
have at least 500 registers where information can be stored. But 
suppose that the particular computer has only 50 registers. Then 
there is no possibility whatever that this problem can be solved 
by that computer, for the problem is beyond its capacity for 
“understanding”. 


4. The Nature of an Idea 


It seems reasonable to explain ideas in terms of understanding. 
For our purposes, an idea is something which an organism under- 
stands, a unit of what is understood. For example, as the wasp 
finds its way back to its nest, presumably it has in its brain rec- 
ords of the appearance of certain features of the environment, 
such as trees or windows or the end of the attic within which it 
has its nest. The Dutch naturalist Tinbergen in his book Curious 
Naturalists reports interesting experiments revealing the land- 
marks wasps actually use for making their navigation decisions. 

We can say that an idea is the unit of understanding (or mean- 
ing) common to various unit pieces of information about which 
the organism behaves as if they were interchangeable. For ex- 
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ample, the wasp behaves interchangeably in regard to different 
optical views of the end of the attic, as seen from different dis- 
tances and directions. It seems evident that only by unifying 
these different views into a single unit of understanding is she 
able to use the end of the attic as a landmark from various 
distances and directions during an approach to her nest. For an- 
other example, in the computer’s conversation about the weather, 
described in Chapter 7, the vocabulary of the computer in regard 
to quality 13 degree 2 was “abate, decrease, diminish, subside”; 
in other words, in regard to each of these four different English 
words, the computer was instructed to behave interchangeably: 
the computer had been programmed to substitute for any of these 
words the idea-label 13, 2. 


5. Meaning 


In the case of human beings, the unit of understanding is also 
idea or meaning. In fact, we can say that an idea is the meaning 
common to various pieces of information that have the same 
meaning. For example, the idea of two is what is common to 
“zwei, duo, deux, II, 2, pair, two”, etc. The idea of “banana” 
is the meaning common to “banana, banane, Banane, platano” in 
English, French, German, and Spanish. Such ideas are terms, the 
names of things. 

The statements: 


two and three are five; 

two plus three equals five; 

deux et trois font cing (French); 
duo et tres quinque sunt (Latin); 
zwei und drei sind fiinf (German); 
2173=5 


all make the same assertion, have the same meaning, are said to 
be expressions of the same proposition, indicate the same idea. 
Such an idea is a relation rather than a term. 
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6. The Social Reality of Ideas 


In human society people agree widely and uniformly about — 
thousands of ideas. People operate with many ideas as if they — 
were real. People believe that the ideas they have in their minds — 


fit together neatly with facts about the real world. A person 
usually assumes that other people have the same ideas in their 
heads as he has in his own head; and for some ideas, like “two”, 
this is very likely to be true, and for other ideas like “democracy” 
this is very likely to be false. People living in society find ideas 
to be indispensable for handling the real world surrounding them. 
Ideas in fact possess a social reality. V. Gordon Childe, a well- 
known British anthropologist, says in his book What Happened 
in History: 


In society men make names for and talk about ideas which cannot 
in fact be seen, smelt, handled, or tasted . . . ideas such as two-headed 
eagles, electricity, cause. All these are social products like the words 
that express them. Societies behave as if they stood for real things. 
. . . Socially approved and sustained ideas that inspire strenuous and 
sustained action must be treated by history as just as real as those 
ideas which stand for the substantial objects of archeological study. 
In practice, ideas form as effective an element in the environment of 
human society as do mountains, trees, animals, the weather, and the 
rest of external nature. 


7. The Physical Form of an Idea 


However, in human brains as well as in computers, any actual 
physical form for an idea is simply the storing of some informa- 
tion in a register, like the pair of numbers 13, 2. The importance 
and significance of ideas consist in their structural relations to 
other ideas, and the effect of this stored structure of information 
upon the observable behavior of the organism. 

As more and more programs are developed for computers, it 
becomes highly desirable in order to save exhausting work that 
programs made by one computing center should be capable of 
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running on machines at other computing centers, whether of the 
same manufacture or not. So common programming languages 
are developing, such as ALGOL (ALGebra Oriented Language), 
language for programming computers to solve algebraic or mathe- 
matical problems, and COBOL (Common Business-Oriented 
programming Language), for programming computers to solve 
business problems. Of course, the idea of “two” will be available 
in each computer, even if in one computer it may be represented 
decimally and in another computer it is represented in binary 
notation. And also, many other ideas will be common between 
different computers. The parallel to the common ideas shared in 
human society is likely to develop increasingly among com- 
puter “society”. 


8. The Relevant Details of an Idea 


In order to use any idea, we do have to decide about some 
details, features, or properties, and we don’t have to decide about 
certain other details. Take for example the idea referred to in 
the phrase “the Statue of Liberty”; the meaning of the words is 
a certain physical object in New York Harbor, a large statue 
which represents a woman who is crowned and holds a torch. 

But even the idea of a single, definite, concrete, specific object 
is always a great deal fuzzier and more immaterial than we 
would at first expect. Do we or don’t we include in the idea of 
the Statue of Liberty the visitors climbing up and down the 
spiral staixs inside the statue? Do we or don’t we include in the 
idea small particles of rusted metal swept out from day to day 
that may actually have been part of the physical statue for many 
years? We can think of many possible details of the physical 
object called the Statue of Liberty, and for many of these details 
we cannot with confidence say whether or not they are included 
in the idea of the Statue of Liberty. 

The idea of the Statue of Liberty—and any idea, in fact—is 
essentially a conventionally agreed specification of certain prop- 
erties and relations, and an agreed specification that certain other 
properties and relations are irrelevant, make no difference. Every 
idea requires that we drop out of attention a great many features, 

















118 THE COMPUTER REVOLUTION 


“irrelevant details” possessed by the “real” referents of an idea, 
In fact, we arrive at an idea by disregarding details, by think 
ing of a quality or qualities apart from a particular object, by 
abstracting. That is where ideas come from. According to th 
dictionary, the verb “abstract” means to “think of something 
apart from any particular object or real thing”; the adjective 
“abstract” means “thought of apart from any particular object o 
real thing.” The word “abstract” comes from two Latin words, 
“ab” meaning “away”, and “tract” meaning “drawn, pulled”; s¢ 
“abstract” means “pulled away”—the derivation gives a good, 
vivid picture. P 

No matter how concretely we try to think of some specific ob- 
ject that actually exists in the real world, in dealing with it we 
are compelled to select only some, not all, of its properties; and 
so we think of that object as a construct, an edifice, of selected 
properties. When we disregard details, the thing we think of, the 
concept, the idea, necessarily becomes abstract, “thought of apart 
from a particular object”. 

Actually, by abstracting, ideas become counters for operations 
of reasoning. By disregarding more and more details, ideas de- 
velop into counters for playing mental games. Ideas are pieces 
for the game of reasoning; and abstraction is one of the most 
important steps in the reasoning process. 


g. A Computer Programmed to Operate with Ideas 


For a computer, words, meanings, and the properties and rela- 
tions of meanings, will be a structure or system correlating stored — 
information, instructions, and programs. This was true for the 
conversation about the weather between the computer and the 
human being, and this will be true generally. 

In most cases a computer will be programmed to act as if 
there were two or more ideas corresponding to each word, or 
piece of information, and two or more words, or pieces of in- 
formation, corresponding to each idea. We can think of many 
pieces of information itemized in one long list, and many labels — 
for ideas itemized in another long list, and in between these two — 
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lists, a complicated network of lines showing associations, like an 
intricate spider web. 

We can imagine a computer storing this structure. It would 
have three sections in its memory. In Section A it would store 
expressions, pieces of information, “words”. In Section B it would 
store labels for ideas, meanings, usually a preferred expression 
selected from among many expressions. In Section C it would 
store links, cross references, correlated addresses of registers, 
something like “re 301, see 614”, meaning “When Register No. 
301 is referred to, consult Register No. 614.” Then whenever the 
“attention” of the machine came to Register 301 containing a 
piece of information, it would also consult Register 614 containing 
the tentative label for an idea. 

Suppose: Register 301 contains “twelve”; Register 302 contains 
“dozen”; Register 614 contains “12”; and the machine also con- 
tained reference notes “301 to 614” and “302 to 614”. Then the 
reference notes “301 to 614”, and “go2 to 614”, could be used 
to instruct the machine to act in regard to a piece of information 
in Register 301 or 302 as if that piece of information stood for 
the idea-label in 614. 


10. Computer Operating with Ideas 


How would the computer pay attention to and operate with 
ideas? Every time it came upon a piece of information, it would 
have a puzzle to solve, to find out what idea was being referred 
to, Suppose a string of half a dozen expressions came into the 
machine. The machine would have a standard routine for looking 
up all the ideas associated with each expression, and checking 
to see what selection of ideas—the second one here, the first one 
there, the fifth one at the next place—gave a consistent meaning 
to the whole string. If there were no reasonable selection, the 
machine would report “apparently nonsense”. If there were two 
or more reasonable selections, the machine would report “am- 
biguous”. If there were just one reasonable selection, the machine 
would be “satisfied”, and would be ready to go ahead. If the 
ideas could be operated with reasonably, then the idea-labels 
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could be calculated with, and a mechanical brain would be able 
to perform reasonable operations. 

There would be a one-to-one correspondence between ideadl 
and idea-labels that occur in the “idea” section of the machine; — 
and to these idea-labels reasonable behavior by the mechanical — 
brain would be associated. If Register No. 614 contains “12”, and 
if the machine is able to act about the idea-label 12 in accordance 
with the reasonable properties of the number 12, then the ma- 
chine acts as if it were storing in this register the “idea of 12” 


even though all that is actually there is the idea-label. The be- 


havior of the machine, the capacity of the machine to operate 
reasonably, endows the idea-label with the properties of a rea- 
sonable idea. 


11. Human Brain Operating with Ideas 


It seems quite possible that the brains of human beings are 
much like the computer behavior just described. We know there 
are definite places in human brains that store our recollections 
of sights, sounds, other sense impressions, and other pieces of 
information that we take in—like Section A of the computer. It 
would be reasonable to believe that there are other places in 
our brains where we store labels for ideas, for the meanings 
common to a group of expressions—like Section B of the com- 
puter, All that would be necessary is that one preferred expres- 
sion should be selected as a keynote—just as “12” is the keynote 
for “twelve, dozen, 12”. Our brains certainly contain millions of 
links, connections, neurons, running between areas of the brain; 
these connections could very well run between stored pieces of 
information and stored idea-labels. 

A human being can listen to a sentence of half a dozen words, 
and with remarkable facility select the right one of many pos- 
sible meanings for each word, so that the whole sentence “hangs 
together”, “makes sense”. This is the parallel of one of the opera- 


tions we have just described for the computer. Sometimes we 
even notice the lag while our mind hunts for the right selection — 
of meanings which will explain a set of words; suddenly we — 
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deduce it, and then the meaning of the whole sentence fits to- 
gether like the parts of a puzzle clicking into place. 

It is easy to enter English words and expressions into a com- 
puter by typing on a keyboard. But how shall we specifically 
program the computer to recognize the ideas referred to and 
discuss and argue with them? This we shall discuss in the next 
chapter. 











THE SPECIFIC IDEAS THAT THE DISCUSSING 
COMPUTER MUST DEAL WITH 


BRICK-WORDS, CEMENT-WORDS, AND 
FRAMEWORKS OF STATEMENTS 












Assuming then, as the last chapter sought to establish, that a — 
computer can deal with ideas, understand them, and discuss, 
what specifically has to be done to make this happen? 
What are the specific ideas that a computer must recognize if 
it is to discuss? : 
Suppose we agree that the computer “knows” what to do about 
the mathematical ideas of 2, 3.14159. . . , PLUS, and SQUARE 
ROOT; exactly what is the computer to do about ideas other 
than mathematical ideas? 
Let us take a simple example to make even clearer the nature 
of the problem which we are concentrating our attention on. 
Take for example the two sentences: 


1. All mantelops hile. 
2. Mantelopicity is a sure sign of hilation. 


Even though we do not know what a mantelop is, nor what 
hiling is, we do know because of the nature of the English lan- 
guage, that these two sentences are “saying the same thing”. 
They have the linguistic form: 


1B. All X’s Y. (Or: All X’s do Y.) 
2B. X-icity is a sure sign of Y-ation. — 


and the “thing that is said”, the logical meaning, is that: 


The class of X’s is contained in the class of things that Y (or 
do Y). . 
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Here then is an example of the kind of operation which we 
are asking the computer to perform in regard to all the words 
and sentences that occur in language: the computer needs to 
be programmed to recognize the ideas that occur and the “things 


that are said” in any text or discourse (or string of expressions) 
furnished to it. 


1. Context 


Perhaps the first important indication that human beings use 
for going from expressions to meanings is context, the situation or 
environment in which the expression appears. For example, if 
we are thinking of the context of the game of bridge, the expres- 
sions “deck, shuffle, trick, honors” take on unique meanings re- 
lated to bridge. We easily think first, and quickly, of a deck of 
cards, not the deck of a boat; of shuffling the cards, not of an 
old man shuffling along the sidewalk; of a trick consisting of 
four cards, one collected from each player, not a mean trick or a 
playful trick; of the honor cards of a suit of cards, not of a student 
on the honor list. 

To program the computer, it would be easy to give the com- 
puter a section in its memory in which would be stored a long 
list of labels for contexts. Associated with the idea-labels stored 
in other sections of the machine, would be context-labels. Then 
the procedure for determining the appropriate idea-labels for a 
string of expressions coming in to the machine would be to match 
the context-labels tagging the words, and select for the context 
the one whose label occurred most often. 

Within any one context, the problem of determining ideas is 
relatively easy. Most ideas are tagged with single-meaning words. 
Ideas are then made clear and definite, and we approach the 
happy state in which we can readily calculate with idea-labels. 
In the game of chess, for example, the following words all have a 
neat one-to-one correspondence with ideas: “king, queen, bishop, 
rook, knight, pawn, black, white, board, square, rank, file, diago- 
nal. . . .” In fact, the list of the special words belonging to chess 
is only 30 or 4o terms long. The words which belong specifically 
to a given context can conveniently be called brick-words; and 


| 








124 THE COMPUTER REVOLUTION 


the remaining words which may be used in a great many con- 
texts and which put brick-words together can conveniently be 
called cement-words. 

Sometimes a piece of writing will clearly state its context, using 
a phrase like “in the field of . . .” or “this paper deals with. . . .” 
But most of the time the context of a piece of writing is not 
stated explicitly at the start. The procedure then is to read the 
first half-dozen lines of the piece of writing, notice the brick- 
words, and deduce the context from matching context-labels for 
the brick-words. 

A computer could do this. It would examine the first half- 
dozen lines of a piece of writing, and perform a matching pro- 
gram upon the context-labels of the meanings of the words. It 
would then choose, as a result of the program, the context which 
was alluded to by the context-labels most frequently occurring. 

The number of the more important contexts that a computer 
may eventually be expected to deal with may be estimated from 
the number of contexts listed in a large dictionary, perhaps 1000 
to 2000. Here is a listing of some of the contexts recognized in a 
certain college dictionary as affecting the specialized meanings of 
words: 


Accounting Anthropometry 
Acoustics Antiquities 
Aeronautics Archeology 
Agricultural Machinery Architecture 
Agriculture Arithmetic 
Alchemy Armor 
Algae Art 

Algebra Astrology 
Analysis Astronomy 
Anatomy Astrophysics 
Ancient History Automobiles 
Anthropology 


But for any one (rational) discussion, the computer would only 
need to deal with a single context. 
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2. Degree of Technicality of Context 


The nature and degree of the technicality of a context changes 
from time to time as the interest of a society changes. In the study 
of stones, for example, at the earliest stage there were for brick- 
words only words in common everyday use such as “rock, stone, 
pebble, gravel, sand, mud, clay, gold”. After a time different 
species of stones began to be identified but not systematically: 
“quartz, feldspar, mica, Iceland spar”. Finally a third wave of 
interest occurred, and a new flock of names appeared, like 
“heulandite, apophyllite, zeolite, stilbite”; these terms regularly 
made use of the suffix “ite”, coming from the Greek and meaning 
rather generally “one of” or “belonging to”. 

Corresponding to any context is a vocabulary, or glossary, the 
collection of brick-words, the set of words which when taken 
together label rather well and rather adequately all the ideas 
which that context is especially concerned with. The scientific 
organization of knowledge about some territory of the world such 
as physics results in a vocabulary in which all the information 
gathered about the subject can be discussed. 


3. The Common Everyday Context 


Of all corttexts the main one bearing on our present purpose is 
what we may call the common everyday context. Here is where 
we place the words and ideas that we and everybody else use 
most of the time for all ordinary affairs: all the words that nobody 
would consider high-brow, difficult, unusual, or specialized. 

What is the vocabulary of the common everyday context? We 
can find this vocabulary, with some fuzziness at the borders, in: 
(1) the vocabulary of Basic English, a set of 850 English words 
proposed by the English scholar C. K. Ogden for an international 
language; (2) a list in Practical Linguistics by D. Pittman, pub- 
lished in 1948; (3) the commonest words in The Teacher's Word 
Book of 30,000 Words, published by Teachers College. See the 
indications of this context in Appendix 3, Table 1. 
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4. The Cement-Words 


The most important section of the common everyday vocabu- 
lary, for our purposes, consists of the cement-words, the little 
words which like cement are almost certain to appear in nearly all 
discussions and arguments expressed in English, words like “the, 
of, its, to, and”. For, if we are to accomplish discussing and argu- 
ing by a computer, and if we are to calculate the answer to an 
argument by means of a computer, then the computer must be 
able to recognize easily the ideas expressed in the cement-words — 
and their combinations. 

It is convenient to recognize four classes of cement-words 
grouped under: (1) language, communication, and discussion; — 
(2) science in general; (3) mathematics; and (4) logic. 

What are these cement-words, and what do we do with them — 
so that a computer can operate with them? 


5. The Cement-Words of Discussion 


Beginning with our earliest days, our ears are filled with the 
sounds of people discussing. Words and phrases that are associ- 
ated with discussion surround us all our lives. Let’s listen to some — 
of the commonest of them: 


“What do you think about that?” ( 
“I would agree to that.” 

“I don’t understand you.” 

“What did you say?” 

“If you'd like to know, I'll tell you.” 

“I don't know what you are talking about.” 

“I wonder why he is so curious. He’s always asking questions.” 


And clearly we could go on and on with many examples. 
Such expressions occur in writing too, and help to make it more — 
interesting. Here is an example from a book: 


“Our investigations into . . . have led to some very disturbing con- — 
clusions. First, we have found that even if . . . could be said to be 
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. . . , this could in no way imply that they were also. . . . Next we 
found that . . . could not possibly give . . . because the assumed 
relation between . . . does not in fact obtain. Finally, we were forced 
to the uncomfortable conclusion that most . . . as hitherto obtained 
were not... at all but some sort of... .” 


Even though I have dropped out the “brick-words” that refer to 
the subject matter that the author is talking about (and left in 
some of the cement-words that refer more to logic than to discus- 
sion), you and I find the framework interesting. Something is 
actively going on here. It is lively. In fact, it is discussion. 

There are about 100 very common cement-words of discussion 
(see Appendix 3, Table 2). In order to program a computer to 
handle discussion, we have to consider these words. The subject 
is essentially the relations between persons and information. The 
subject includes: speakers, listeners, and persons spoken of, the 
three “persons” of grammar; communicating, “speaking, talking”, 
and receiving communication, “listening, reading”. 

In regard to knowledge, the cement-words express 


—having knowledge: “know, understand, think, realize, see” 

—not having knowledge: “didn’t know, don’t understand” 

— acquiring knowledge: “find out, learn, discover” 

—losing knowledge: “forget” 

—referring to knowledge: “remember, recollect, look up” 

—manipulating knowledge: “consider, think about, study” 

— putting’ out knowledge: “say, write, tell, inform” 

—items or production of knowledge: “letter, word, term, 
phrase, idea, statement, page, message, story, book” 

— places where knowledge is stored: “brain, mind, memory” 

—references of words: “meaning, sense, mark, name” 


In regard to the attitudes of a person about knowledge, these 
cement-words express such ideas as “believe, doubt, consider, 
suppose”. They express attitudes about not knowing, such as 
curiosity and seeking information: “why, curious, interesting”. 

When two or more persons are comparing their attitudes about 
knowledge, these cement-words express such ideas as “claim, 
argue, assert, agree, disagree, discuss”. 
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Finally, these cement-words include a group of ideas that ex- 


press surprise, and expectation. Usually the ideas are combined 
in words expressing logical relations. For example, “It rained, 
but I went” means “It rained and—you would not have expected 
it—I went.” 

Characteristically, in the process of discussion the minds of 
participants reach out and try to understand, even try to antici- 
pate. And during this process the indications of knowledge, be- 
lief, curiosity, inquiry, and expectation, are all a help to human 
beings in reaching explanation and acquiring understanding. 

If a computer is to discuss satisfyingly for human beings, the 
ideas expressed by the cement-words of discussion need to go into 
the programming of discussion in a computer. 


6. The Cement-Words of Science in General 


The second group of cement-words consists of words like “be- 
cause, happen, probably, made of, become, tomorrow”, and are 
roughly classified under the heading of “science in general”. This 
means science independent of any particular field, such as 
physics (“heavy, red”) or biology (“sweet, smell”). By science we 
mean verified facts and laws based upon observation and ar- 
ranged in an orderly system. 

About 150 of these cement-words are shown in Appendix 3, 
Table 3. 

Perhaps the most basic of all general scientific ideas is rele- 
vance, or relatedness, and its opposite, irrelevance or unrelated- 
ness, Common ways for expressing relevance are “bears on, makes 
a difference in, is related to, depends on, is relevant to”. The 
opposite is “makes no difference to, has no relation to, is irrelevant 
to, is unrelated to”. 

Perhaps the next most basic idea is existence, and its opposite 
nonexistence. These ideas are referred to in the cement-words 
such as “be, fact, happen, occur, event, real, actual”. 

Cement-words that relate to time have been perhaps arbitrarily 
put in the category of cement-words of science, while cement- 
words that relate to space have perhaps arbitrarily been put in 
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the category of cement-words of mathematics. Cement-words of 
time include “minute, yesterday, date, after, sometimes”, etc. 

Words that refer to change, events, states, and conditions are 
here included. The thing A may change all the way and become 
B, and so A stops, B starts, and B replaces A. Common words 
include “become, tum into, stop, start, replace, modify”. 


7. The Cement-Words of Mathematics 


The third group of cement-words to be recognized consists of 
the cement-words of mathematics. In almost all the sentences 
that we say, in almost all of the thoughts that we think, we make 
use of ideas that are either actually or essentially mathematical. 
Even in the last two sentences just written, mathematical ideas 
occur not only in the word “third” but also in the “s” of plurals, 
the relation “in”, and the numerical idea “almost all”. 

About 230 of the cement-words of mathematics are shown in 
Appendix 3, Table 4. Because of the study which mathematical 
ideas have received for more than 2000 years, it is rather easy to 
classify the cement-words and to translate them in phrases into 
mathematical and computable expressions. The table presents the 
cement-words in eight classifications: place and position (“at, 
top”); shape, form, structure (“flat, hole”); size, magnitude (“big, 
short”); comparison, degree (“more, equal”); indefinite numbers 
and measurements (“few, much”); definite numbers (“three, 
plus”); order {“second, pattern”); and variation and approxima- 
tion (“roughly, depend on”). 


8. The Cement-Words of Logic 


The last group of cement-words consists of those which belong 
to logic, reasoning which is non-numerical or which underlies 
mathematics. The ideas present in these words are exceedingly 
important; no sentence can be uttered without using them. The 
meanings of these words are analyzed, clarified, and calculated 
with in the subject of mathematical logic. Even in the last few 
sentences I have just written, some of these ideas are used; they 
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appear in the words “the, of, consists of, group, belong to, is, no 
or, and”. 

About 170 of the cement-words of logic are shown in Appendix 
3, Table 5. These ideas have received thorough study by such 
logicians and mathematicians as Aristotle, George Boole, Ber- 
trand Russell, Ernst Schréder, A. N. Whitehead, and W. V. Quine. 
These ideas can be fairly easily classified, and the table presents 
the words in a number of classes: ; 


Reports on Statements yes, not so 
Connectives of Statements and, that is, assuming © 
Name, Meaning label, stand for 
Assertion be, have 

Properties, Classes, Abstractions sort, example, -ness 
Relation Connectives of, in regard to 
Variables we, this, such 
Operators on Variables all, none, the 
Relation of Equal or Unequal same as, other than 
Relation of Like or Unlike similar to, unlike 
Relation of Membership or Inclusion in, excluded from ‘ 
The Rest or Remainder and so forth, etc. 
Miscellaneous Properties and Relations complete, contradict 


9. Cement-Words and Cement-Ideas 


In considering the cement-words of language, we should notice 
that there does not exist a one-to-one correspondence between 
cement-words and cement-ideas. In other words, a given cement- 
word may refer to one or more cement-ideas, and which one it 
refers to may differ from context to context. And, vice versa, a 
given cement-idea may be expressed in one or more different 
ways by cement-words, and the way it is expressed may differ 
from context to context. 

For example, take the word “but” as it occurs in the sentence — 
“it rained but I went.” The word “but” expresses two cement- 
ideas. One is the assertion of both of two sentences, the idea of 
logical AND. The other idea is a specification in regard to ex- 
pectation: “contrary to expectation”, “in spite of that”. 4 

Consequently, in the lists of cement-words that occur in the 
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Appendix, the same cement-word may occur several times in 
different parts of the lists. This is to be expected. Since the group- 
ing of cement-words is roughly in accordance with groups of 
ideas, a cement-word may need to be listed in more than one 
place. 

The variation of expression of a cement-idea from context to 
context raises the question “Is a cement-idea a definite entity?” 
Yes, it is. Logical AND for example is a definite entity (just as 
definite as any mathematical idea) in the sentence “It rained 
AND-YOU WOULD NOT HAVE EXPECTED IT-I went.” 
Arithmetical AND is a separate and different definite entity. In 
the sentence “2 AND 3 make 5”, this AND is the same as PLUS 
and just as definite. But arithmetical AND, which is a connective 
between numbers, is not the same as logical AND, which is a 
connective between statements. 

Just how are the thousand-odd cement-words listed in the Ap- 
pendix to be translated into cement-ideas so that a computer can 
deal intelligently with the ideas? 

This is a most important and interesting question, but the an- 
swer to this question is not yet known and is besides outside of 
the territory of this book. 

But we can say some things about obtaining the answer. First, 
we would take a context, like chess for example, and make a 
large collection of the cement-words and phrases and sentences 
used in talking about chess. Second, we would make clusters of 
paraphrases, where we would gather maybe 20 or 30 or 40 dif- 
ferent ways of “saying the same thing in other words”. For each 
cluster of paraphrases, it would be reasonable to specify some 
abbreviation (human’s symbol or computer's code) to represent 
the idea. Third, we would experiment on a computer with pro- 
grams using these codes, and see if the computer could converse 
and discuss chess reasonably and, shall we say, entertainingly, 
making use of the codes. Wherever there were instances of 
stupidity or deafness or nonsense, we would try to improve the 
program, improve the computer’s recognition of the ideas. An ex- 
ample of this kind of process was given in a rather rudimentary 
stage in regard to conversation about the weather. Fourth, we 
would carry out the same process with half a dozen other 
contexts. 














132 THE COMPUTER REVOLUTION 


We would wind up with a set of cement-ideas. And we shall 
find probably a number of territories, like the algebra of classes, — 
logic, the algebra of states and events, mathematics, etc., where — 
the cement-ideas will be clarified and become calculable. In” 
fact, the first step in any kind of calculation is settling on para-— 
phrases that are interchangeable. “A pair of” is interchangeable — 


with “a brace of”, “two of”, “a couple of”, “a set consisting of two 
members of”, etc. Having decided that the set of paraphrases all 


mean the same thing, we can adopt a symbol standing for that 


thing, that idea. 


10. Programming a Computer for Understanding Language 
and Engaging in Discussion 


We are now ready to re-examine two of the questions we asked 
earlier: 


1. How shall we program a computer to recognize ideas and 
discuss and argue with them? 


2. What shall we do with the cement-words so that a com- _ 


puter can operate with them? 


We shall try to answer these questions, in part if not com- 
pletely: 

First, the programmer specifies a particular context, such as 
Acoustics, or Zoology. 

Second, the programmer tells the computer idea-labels for the 
ideas referred to by the brick-words or their synonyms. The idea- 
labels may be adopted standard terms or they may be symbols. 

Third, the programmer gives to the computer idea-labels for 
the frameworks of cement-words which express or assert rela- 
tions. Here are some examples of frameworks of cement-words: 


1. All—— are... 


2. The purpose of these questions from the point of view of — 


. . was to have information available as to how... . 
3. With respect to. . . the situation is similar: very little. . . 
is —— from... 


4. It is reasonable to assert that in . . : there was virtually — 


no... of —— by —. 





THE DISCUSSING COMPUTER 133 


It will be a long task to translate the 600 or 700 cement-words in 
their usual combinations into exact ideas, and assign to them 
idea-labels, so that the computer can “understand” each kind of 
sentence given to it. But it is a finite task. Once done, in fact, the 
solution will apply to all kinds of discussion and argument in all 
kinds of contexts, because the cement-words are inevitably used 
in every context. 

Finally, the programmer assigns to the computer purposes in 
discussion. In the case of an argument, the computer should be 
able to test it for its agreement with certain rules: 


1. The argument should be free of internal contradictions. 

2. The argument should be logically complete, without gaps. 

3. Any conflicts with given statements should be printed out. 

4. All special terms should be defined using only terms ear- 
lier defined. 

5. The argument should be free of contradictions of estab- 
lished scientific principles. 


In the case of an explanation, the computer should be able to turn 
a poor explanation into a good one: 


1. An appropriate amount of description and illustration is 
given for each new term or proposition. 

2. The explanation should proceed from the more simple to 
the more complex. 


In the case of a conversation, still other rules could be given to 
the computer similar to those used by a person who wishes to be 
interesting and entertaining yet not talk about subjects that his 
hearers have no knowledge of. 

Are these future developments too extraordinary to believe? 
No; on the contrary there are great needs in present-day society 
for just this kind of ability in computers. As soon as this ability is 
programmed in computers, you and I and everybody else will be 
able to have such wishes fulfilled as these: 


—I wish someone could read this for me, and tell me what 
is in it. 

—I think I am opposed to this proposal but I wish I knew 
what it’s really about. 
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—That argument sounds convincing—I wish I knew if I could 
believe it. 


Different people can go through logical arguments and reach 
the same conclusions, and the way in which different people un- — 
derstand language is programmed into them by their education 
and experiences. Therefore, computers also can do this sort of 
thing, and can discuss logically and entertainingly and usefully. — 


Part III 


WHERE WE ARE HEADED 





| | 
. 





WAR AND COMPUTERS 


In considering where we are headed as a result of the computer 
revolution, it is worthwhile to begin with the subject of war and 
computers. 


1. The Influence of the Military on Computer Development 


In the first place, the military forces of the big nations, and the 
United States particularly, are more responsible than any other 
single source for the rapid growth of computer technology from 
World War I to the present. The need of the military forces urged 
forward the computer art. The most powerful computers ever 
built are for the military forces. As long as armed forces exist 
with the mission of fighting better than some opponent, so long 
will military pressure on computer art persist. 

Second, the military applications of computers are consider- 
ably more numerous and more varied than civilian applications. 
The military have many problems which civilians do not have 
and which simply cannot be solved by human beings alone. Take 
for example the problem of firing a rapidly moving gun to hit a 
rapidly moving target miles away. No human being unaided 
can solve this problem because he cannot handle the necessary 
information fast enough. 

In addition, because of the great scale of military operations, 
the military have a need for computers to solve large business- 
type problems. These include requisitioning, stock-piling, inven- 
tory control, and payroll. 

Finally, the government’s opinion of the importance of defense 
guarantees that the armed forces will have very substantial funds. 
In the United States currently this amounts to more than $40 
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billion a year. For second best in a war is little better than bot- — 


tom of the heap. 

Only after the test explosions of twenty-megaton nuclear bombs 
has it become evident (though still not widely accepted) that the 
so-called “victorious” side will also suffer vast destruction in 
any new large-scale nuclear war. 




















2. Fire Control 


The control of the aiming and firing of guns against targets has 
been an insistent and urgent problem for the military for many 
years. In fact, it has been one of the most complicated and diffi- 
cult mathematical problems in military history. 

The variables which may be taken into account in a fire-con- 
trol computer include: 


— range, or distance of the target 

—bearing, or direction of the target with reference to 
standards 

—altitude, i.e., height or depth of the target above or below 
the gun 

— change of these parameters as the target moves 

—variations in wind, gun characteristics, projectile char- 
acteristics, etc. 

— movement parameters of the gun vehicle, such as meas- 
urements of the rolling of a ship or the side-slipping of a 
plane 

— movement parameters of the current of water or air in 
which the vehicle may be moving 

— movement of the earth, i.e., rotation on its axis 


In the 1850's the system was a simple gun barrel with sights, 
and the control was a man’s eyes and judgment. 

During World War I the U.S. Navy used a mechanical analog 
computer made by Ford Instrument Company, Brooklyn, New 
York; it computed the rate at which the range changed, the rate 
at which the bearing changed, and the accumulated total range. 

Calculating tables of trajectories for guns and projectiles, such 
as those included in the field artillery, was the voluminous cal- 
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culating problem which stimulated the construction of the 
ENIAC computer made at the Moore School of Electrical En- 
gineering, and finished in 1946. 

Nowadays, the fire-control system searches for a target, tracks 
it, predicts its future position, directs the gun, orients the vehicle 
carrying the gun, and fires a projectile to intercept the target at its 
future position, and destroy it. In addition, a modern airborne 
control system helps the pilot locate his target at long ranges and 
directs the pilot how to fly the correct course for attacking it, once 
he has located it. 

One of the new airborne digital computers for fire control is a 
machine called Digitair made by Hughes Aircraft, Culver City, 
California. It occupies about four or five cubic feet. It can make 
9600 basic arithmetical computations and render 100 decisions in 
one second. It can perform all computing functions for flying, 
navigating, searching, and attacking. It can make use of coded 
signals from control stations on the ground, and also signals from 
the airplane’s radar; it takes in 61 different types of input in- 
formation, and puts out 30 types of output information. 


3. Evaluating Weapons by Simulating Them 
on a Digital Computer 


One of the military applications of computers is evaluating 
weapon systems. A general program for appraising any specified 
weapon system has been worked out by Technical Operations, 
Inc., Burlington, Massachusetts; here is a description of it. 

The behavior of two weapon systems in conflict can be ana- 
lyzed experimentally in a computer program, as a simulated war 
game. It is described in terms of six elements: rules of play; 
characteristics of weapons; environment; statistical rules; a de- 
cision-maker, or set of rules for deciding what happens; and 
statistical analysis. 

The rules of play include specific statements about how targets 
are acquired, how firing and maneuvering take place, etc. There 
are rules for determining the end of the game. 

A weapon can be characterized by describing it in terms of 
various parameters: minimum and maximum ranges of fire, aver- 
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age and standard deviation; the distribution of probabilities of — 
destroying the target; the distributions of time delay; the angular 


width of the cone of fire; etc. 

The environment includes features of the landscape in which 
the behavior of the weapons is to be studied, including such data 
as hills, gullies, rivers, roads, etc. 

The decision-maker consists of a rule which takes in a randomly 
chosen number and a probability, compares them, and gives out 
the decision yes or no. 

In the statistical analysis, each simulated war game is played 
many times on the computer. Statistical quantities are computed, 
such as the average number of times the target was destroyed, the 
average number of shots fired; and the dispersion of these varia- 
bles. Then standard statistical tests are made to appraise the 
weapon systems being studied. 

The computer program which gives effect to this description is 
flexible and is able to deal with many different kinds of input. 
The program is in fact so general that preparing the input data 
may be a lot of hard work. But the generality enables the program 
to compare a variety of contests, such as tank vs. antitank, in- 
fantry vs. infantry, antiaircraft vs. bombers, etc. 

The key to the programming is an “action time”. Action time, 
the time for action of a component, is defined quite generally. 
It may be: time to look for a target; time to fire; time to be 
destroyed by artillery, mine, or bomb, etc.; time for an evasive 
maneuver; time for general changes of status such as stopping, 
being obscured by smoke, etc. Some action times are random time 
delays in a stated range; others are exactly specified by input 
data. 

The program is modular, organized in modules, so that dele- 
tions, additions, and revisions can be made easily. It is designed 
for the IBM 704 computer, and requires about 4000 instructions 
and three magnetic tape units. 

The simulated war games make it possible to test and appraise 
both existing and proposed weapon systems in the simulated 
environments of possible future wars. Of course, the solutions of 
actual problems are classified by the military as secret or confi- 
dential. , 
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4. Handling Naval Tactical Data 


In August 1960 the U.S. Navy announced the development 
and completion of testing of an automatic computer system for 
handling naval tactics under combat conditions. The central unit, 
the Univac Advanced Navy Computer, made by Remington 
Rand Univac Military Division, St. Paul, Minnesota, consisted of 
a general-purpose, stored-program computer with a very high- 
speed, random-access memory containing one million bits of in- 
formation. Thirty bits, comprising a single machine word, may be 
extracted from any location in the memory in only 2.5 micro- 
seconds, The instruction list contains 64 mathematical and logical 
operations; the computer is able to carry out 50,000 instructions a 
second. The entire computer measures only three by three by 
six feet; it meets rigid naval specifications recognizing the ex- 
treme environmental conditions of Navy ships. 

As long ago as 1950, the U.S. Navy decided that the opera- 
tional control of large naval task forces including big ships had 
become too complex for rapid handling solely by human beings. 
Combat Information Centers (CIC’s) consisted of small com- 
mand-groups aboard ships and served as task force “nerve cen- 
ters”; they were mechanized to a degree by radars, teletype 
machines, radios, plotting boards, etc. But the Navy realized 
that a much greater degree of automation was necessary in order 
to increase the effectiveness of the Navy. 

As a result, the new computer collects, displays, and dissemi- 
nates combat information at an entirely new level of speed and 
integration. The computer automatically receives, processes, and 
correlates information obtained from a variety of data-gathering 
sources including radar and sonar. Also, the several computers on 
board various ships in a widely deployed naval task force ex- 
change information. This is added to the information held in- 
ternally in a single computer memory, and gives the commanding 
officer much more complete knowledge of the over-all tactical 
situation. 

By simply inserting a new program, the computer can be made 
to handle new tasks and problems. In this way the same com- 
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puter can be used on any type of ship regardless of its specific 
mission. 


5. The Control of a Military Air Force 


At Offutt Air Force Base, Nebraska, is the headquarters of the 
U.S. Air Force Strategic Air Command. Here is the center of one 
of the largest existing information-handling networks for control 
over a military air force. Thousands of visitors from both the 
United States and foreign countries have been shown through 
the building, above ground and below ground, all as a part of 
the plan to demonstrate that another “Pearl Harbor” attack on the 
United States or its allies would be exceedingly unprofitable to an 
aggressor. 

In the event of war the top three floors of the building would 
be emptied of people, but the underground command post 
would still be in active operation under huge steel doors and 
other fortifications, and in possession of a month’s supply of food, 
air, and other needs. 

All moves of the command’s 3000 tactical aircraft are recorded 
on great panels in the “war room”. The panels show targets, data 
on aircraft, weather information, etc. Records of aircraft are kept 
accurate and reflect every change. Data from electronic comput- 
ing machines showing the latest changes in aircraft status con- 
tinually pour into the room. There are 60-odd telephone lines for 
swift contact with each of the 60-odd chief subordinate com- 
mands. 

Opening off one end of the main command post is the Com- 
puter Room, housing an IBM 704 computer. It sorts on magnetic 
tape great quantities of information about the SAC force, includ- 
ing status of aircraft and missiles, crews, bases, war plans, and 
supplies. 

In the event of war the computer would also record progress 
of the strike force, based on information reaching it. New in- 
formation would be processed automatically in a very short time, 
giving the SAC immediate and constant knowledge of the status 
of the strike force, depending on the sufficiency and accuracy of 
information reaching it. ; 
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Similar computer systems are being installed at each of the 
SAC subordinate headquarters, and these machines will be inter- 
connected with the central SAC machine. Under this system, in- 
formation in any one machine may be automatically recorded 
and available in all machines. 

Animated displays for the wall panels are also being developed, 
and they will be automatically posted by computer. 

The SAC command post is connected by closed-circuit tele- 
vision to the Combat Operations Center of the North American 
Defense Command near Denver, Colorado. Immediate inter- 
change of combat data over this system permits very quick warn- 
ing of enemy attack, and allows almost instant coordination of 
U.S. defensive aircraft movements. 


6. Where We Are Headed: Destruction of Civilization 


Having taken this look at the rushing tide of development and 
use of computers in the art of war, let us consider where we are 
headed. 

1. Target Data. More and more of the gathering, collecting, 
and evaluating of information about targets—the presence and 
movements of enemy ships, planes, tanks, missiles, etc.—will be 
turned over to the computer. 

In the long run, almost all of this will be delegated to the com- 
puter. This task will be marvelously fulfilled. 

2. Accuracy of Target Data. It seems clear that the accuracy 
of target data will increase steadily, pressing on the limits of 
possible engineering. (One of these limits, however, is the speed 
of an electromagnetic wave: it seems that no computer will ever 
operate as fast as 107° operations per second. ) 

In the long run, target data as furnished to the computer will 
be almost exactly accurate. However, if the target is moving at 
five miles a second, the interceptor, including launching time, 
must move faster. To solve this problem may be almost insuper- 
ably difficult. 

3. Reliability of Information. It seems clear that the reliability 
of computed information (if we grant that what has arrived in 
the computer is correct) will increase steadily. There is no doubt 
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that the computer will make far fewer mistakes than any human 


being. 

In the long run, we can be sure that the suggested advice of 
the computer in an emergency will be fully consistent with the 
best accumulated wisdom that has been programmed into the 
computer, PROVIDED the information arriving in the computer 
is correct. An enemy, of course, will do his best to confuse that 
input information. 

4. Identification of the Enemy. But how about the question of 
identifying the enemy? Suppose a missile is labeled “Russia” but 
is actually sent from China? 

I do not know of any answer to this question from either the 
computer people or the military. It would appear that such ques- 
tions must have been studied, but I know I have not seen any 
reasoned scientific discussions. 

In Canon Diablo, Arizona, is a crater a mile wide where some 
tens of thousands of years in the past a meteorite hit in the 
desert; fragments of its meteoric iron are in many museums. Sup- 
pose a similar meteorite hit during 1962 somewhere in the United 
States. Could you convince people or the computer that it was a 
meteorite and not an intercontinental ballistic missile from 
Russia? 

In the long run, there appears to be no solution to the problem 
of exact identification of the enemy. The reason for this is that no 
matter how good Sherlock Holmes (the detection program in the 
computer) may be, there are many instances where even Sher- 
lock Holmes cannot make successful deductions because there is 
insufficient information. Witness the deaths of pedestrians from 
hit-and-run drivers never caught. 

Certainly it will always be impossible to program a computer 
to solve a problem for which no human being can imagine any 
effective, logical, or scientific method of solution: even a com- 
puter will not perform magic. 

5. The Nth Country Problem. More and more countries will 
gain the capacities to make missiles and nuclear warheads. 

In the long run it will become easier and easier for any country 
to make or buy such weapons. 

6. Suitcase War. Imagine that a number of “tourists” trickle 
over the borders of a country, go into fifty big cities with nuclear 
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bombs in suitcases or the trunks of cars, then hide them, and then 
go away; in a month’s time all these bombs, making use of a 
completely silent timing mechanism, explode. The bomb which 
destroyed Hiroshima in August 1945 made use of under eight 
pounds of Uranium 298. 

Is there any conceivable way of preventing this? I can imagine 
none, except a most thorough and self-defeating search of all per- 
sons and vehicles entering a nation or coming near its harbors. 

7. War by Accident or Miscalculation. In addition to the prob- 
lem of identifying who sent the missile, when it is on its way 
during the fifteen to thirty minutes that it travels at five miles a 
second halfway around the globe, there is the problem of a missile 
sent by mistake: a soldier acting outside of his orders—a fanatic— 
a dumbbell who pressed the wrong button. 

This problem exists not only in regard to big countries but also 
in regard to little countries, as soon as they get nuclear warheads 
and missiles. 

In the long run, war by accident or miscalculation becomes a 
certainty—especially when we include the cases where the para- 
noiac’s so-called reasoning is mistaken, especially in the cases 
where hindsight proves the mistake, like Hitler’s attack on Russia. 


In truth, the world has gone through a discontinuity, a revolu- 
tion, in the art of large-scale war. The long vista ahead of “war 
and computers”, in the sense of large-scale war, is either (1) no 
more war and the survival of civilization, or (2) war and the 
end of civilization as we know it. 
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PEACE AND COMPUTERS 


1. Peace Engineering 


Recently, a friend of mine and I were walking on the campus — 


of a large Eastern university, when we met by chance its presi- 
dent, who said to my friend (who is a professor there): “By the 
way I think your suggestion of having a Peace Engineering Group 
of twenty or thirty people here at the university is excellent. I 
should like for it to be started. We are doing so much work here 
connected with defense purposes and with government purposes 


in general that I think a Peace Engineering Group would be ~ 


desirable to balance the situation.” 

This incident is perhaps a good indication of what may be 
happening beneath the surface in the United States. The argu- 
ment about the necessity of peace may be just about won. It 
can be reasonably maintained that the deterrent of modern 
weapons has actually become so great that no rational country 
dares to resort to war. The United Nations is increasingly en- 
couraged to intervene, work, and conciliate to avoid war. Many 
people throughout the United States, both in government and 
outside of it, have, I believe, concluded that it ought to be pos- 
sible to achieve peace via a process of controlled disarmament in 
stages with inspection. 

The change in underlying opinion, as reflected by the college 
president, is particularly important because it contradicts many 
of the impressions from headlines in the newspapers. 


Serious development of peace engineering will lead to large, 


important, and new areas of application for computers. Many of 


these areas can be found in some of the bills which have been 


introduced into Congress for a National Peace Agency. 





2. Proposal for a National Peace Agency 


One of the bills introduced was a bill by Congressman Charles 
E. Bennett of Jacksonville, Florida. He proposed a National 
Peace Agency which should undertake programs for a large va- 
riety of aspects relating to arms testing, arms limitation, dis- 
armament, inspection, and control systems. The Peace Agency 
would also be concerned with development and application of 
“communications and advanced computer techniques” for “ana- 
lyzing the problems involved in inspection of national budgets 
and economic indicators as they bear upon disarmament inspec- 
tion systems.” 


3. Computer Uses in a National Peace Agency 


Reading through his bill for the National Peace Agency, we 
can see at least seven references to the handling of information 
where computers can be usefully applied: 


(1) detecting tests of nuclear weapons; 

(2) detecting and identifying missile and satellite tests; 

(3) analyzing systems for arms limitation, inspection, and 
control; 

(4) inspecting and analyzing the national budget for indica- 
tions of illicit arms activities; 

(5) inspecting and analyzing other national economic indexes; 

(6) analyzing effects of disarmament agreements upon na- 
tional economies; 

(7) preparing economic plans for conversion from a “more- 
war” economy to a “less-war” economy, with the least amount of 
undesirable effects. 


4. Technical Inspection to Verify Absence of Nuclear Tests 


Let us take what may be one of the first problems of technical 


inspection for disarmament. This is the inspection system which 
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will make sure that nations do not make tests of nuclear weapons » 
in secret, contrary to the provisions of an international agreement | 
for the stopping of nuclear tests. 

The first important international decision on this subject took” 
place in Geneva in August 1958, when scientists from the United 
States, the Soviet Union, and Great Britain agreed that technical 
inspection was feasible. They proposed 180 inspection stations 
distributed over the world, each one manned with about thirty 
people, about half of whom would be scientists. 

Subsequently, Professor Hans Bethe, physicist, of Cornell, and 
other scientists, have proposed supplementary unmanned or “ro- 
bot” inspection stations. These, like radiosondes for reporting the 
weather, would be able by themselves to give signals of suspicious 
events in their vicinity. 

Each inspection station would have a suitable number of dif- 
ferent kinds of instruments, seismographic for detecting shocks 
in the earth, barographic for detecting shocks in the atmosphere, 
and radioactivity-sensing instruments for detecting fallout prod- — 
ucts from a nuclear explosion if the explosion should spread — 
radioactive dust in the atmosphere. 

Now imagine that some of the instruments detect some events. 
The inspection staff immediately are presented with questions — 
such as the following: 


How distinguish between an earthquake and a nuclear ex- 
plosion? 

How distinguish between an innocent event and a suspicious — 
event? 

When two or more events are reported by two or more 
instruments, how correlate the information which they — 
report? 

How define a suspicious event? 

If a suspicious event has been identified, where did it occur? — 


The answers to these questions are computed from calcula- — 
tions and the application of formulas and theories, with a certain 
amount of statistical uncertainty. If the calculations are to be ac- — 
curate, they are likely to be complex. Here is a problem made — 
to order for a computer. 

In the long run, we can even imagine that the entire system 





would become automatic, unmanned. Many difficult problems 
could be solved by installing additional robot inspection stations; 
and perhaps they could even be rather inexpensive. 


5. Inspection of National Budgets 


Another problem open to computers is inspecting a national 
budget to see if a nation is complying with an international agree- 
ment for a certain degree of disarmament. This kind of inspection 
has been discussed in a paper, “The Control of Disarmament 
by Fiscal Inspection”, by Jesse Burkhead, published in the book 
Inspection for Disarmament, edited by Seymour Melman, pub- 
lished by Columbia University Press. 

There are three cases: (1) the entire government is convinced 
that the agreement is in the interests of the country, and the 
government desires to show in good faith that it is honestly ad- 
hering to the agreement; (2) a large majority of the government 
backs it fully, but a discontented faction is diverting funds il- 
legally to build up armaments in secret; (3) more or less openly 
the government is permitting various subdivisions of the govern- 
ment not to abide by the agreement. 

We do not need to consider the third case—because the situa- 
tion would be obvious, and the international agreement would 
clearly have become “a scrap of paper”. 

In the first case, however, there would be little difficulty in 
setting up a computer program for making, say, 2000 different 
tests every month or so, on figures and statements coming from 
the government’s monthly operations. 

In the second case, secret diversion by a faction, pretty much 
the same plan for checking data and for applying a variety of 
tests, would apply. The program ought to succeed in focusing 
on spots where unexplained or padded withdrawals were occur- 
ring. A diversion of less than, say, 2 per cent of the permitted 
military budget would be hard to detect; above that per cent, 
diversion should be readily detectable. This kind of problem is 
quite similar to auditing to prevent dishonesty; most of the 
techniques available for such purpose in the auditing and ac- 
counting field could be used. 
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Of course, the larger the amount of checking work to be done, — 


the more desirable would be the application of computers. 


6. Peace Struggles 


Many military strategists have applied a new branch of mathe- 
matics called “the theory of games” to analyzing contests in war, 
battles, or campaigns. As a result some strategists have naturally 
given some attention to contests during peace, or at least the 
absence of hot war, and called them “peace games.” 

Most games of the kind considered in the theory of games are 
like poker, and not like chess (which is all skill) or like dice 
(which is all chance). In poker each player is in some ways 
ignorant (he does not know what cards the other players hold) 
and he has a choice of strategies (bluffing or not bluffing). A 
player who never bluffs and a player who always bluffs both do 
worse than a player who sometimes bluffs and sometimes doesn’t. 
As is usual, in many games the best strategy is a random (quite 
unsystematic) mixture of the two pure strategies, of never bluffing 
and always bluffing. The careful analysis of known information, 
known probabilities, possible but unknown information, estimated 


probabilities, feasible moves and strategies for both players, and — 


the relative costs, gains, or losses from various possible moves, is 
a good problem for mathematicians plus computers. 

Nations, of course, do have lasting objectives which they pur- 
sue vigorously in wartime and in peacetime. To pursue these 
objectives, there may even be a certain amount of shooting and 
violence nevertheless classified under the heading of peacetime. 
Analysis of these contests can be carried out by adequately pro- 
grammed computers. 

Computers may enable these contests, these “peace games”, to 
be played considerably better than they are now played. Take, 
for example, the extraordinary decision made in April 1961 by 
the Central Intelligence Agency of the United States to launch 
an invasion of Cuba with some 1400 Cuban exiles and a large 
quantity of United States military material, including tanks. The 
strategy was apparently to set up a beachhead on Cuba with 


the exiles, call on the people of Cuba to rise, promptly recognize j 
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the government of the Cuban exiles on the beachhead, pour in 
supplies to them, and overturn the government of Castro. The 
world knows what happened next. The anticipated “rising” of 
the people of Cuba never took place; the invasion force was 
promptly killed or captured by Castro’s forces; and the Central 
Intelligence Agency stood convicted before the world of having 
collected poor intelligence and put together an even worse, 
armed, cloak-and-dagger operation. 

Among the losses from this maneuver for the United States is 
the proof of the regard which the Central Intelligence Agency 
and other branches of the government pay to the laws of the 
United States, in particular the United States Code, Title 18, 
Section 960: 


“Whoever, within the United States, knowingly begins or sets on 
foot or provides or prepares a means for or takes part in any military or 
naval expedition to be carried on from thence or against the territory 
or domination of any foreign prince or state or of any colony, district, 
or people with whom the United States is at peace, shall be fined not 
more than $3000 or imprisoned not more than three years or both.” 


7. Hardheaded Analysis 


In the long run, the struggles that go on during peacetime re- 
quire hardheaded and not soft-headed analysis. There are many 
questions to be answered, and decisions to be made based on 
the answer: What will be the results of foreign aid? What can 
be predicted about the changes of forms of governments and 
economic systems? If in some South American countries over 50 
per cent of the land is owned by less than 1% per cent of the 
people, what is likely to happen? 

It is necessary to analyze many such problems as these, and 
do groundwork for preparing sensible strategy during peacetime 
by a government. The specialists who do this kind of analytical 
work have difficult problems to solve; and not all the difficulty is 
due to bias in the information furnished them. Let them take 
hold of the powers of computers to solve the problems. 

Imagine the advantages of knowing ahead of time that such 
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and such a policy, no matter how much you may wish to follow 
it, will not work, cannot be successful. If you are a rational leader 


of a country, the guaranteed failure of such a policy may ca’ 
you to change your mind. 








CHAPTER 13 


EMPLOYMENT AND COMPUTERS 


1. Automation and Employment 


Automation may be defined as any one of three closely related 
ideas. The first one is: the process or result of making machines 
self-acting or self-moving (automatic). This, in other words, is 
automatization; this part of the development of automation has 
been with us for over 100 years. The second idea is: making ma- 
chines more fully automatic. This part of the idea has seen tre- 
mendous developments recently as ways have opened before the 
advance of science and technology to make what used to be 
semiautomatic processes almost completely automatic. The third 
idea is: making automatic the moving of pieces of work from one 
automatic machine to another. This kind is sometimes called 
Detroit automation. It refers particularly to experience in auto- 
mobile manufacture where engine blocks were moved automati- 
cally from one machine to another through over 500 operations 
from raw casting to finished, inspected engine. 

Whichever meaning of automation may be uppermost in some- 
one’s mind, we know well that as manufacturing processes be- 
come more automatic, human labor formerly used in them is 
saved, no longer needed. This raises the question of what new 
employment there is for those human beings, and whose duty it 
is to find and arrange that employment. 

The contribution of computers to automation is clear. It is two- 
fold. First, there is what is called office automation, making office 
clerical work automatic; this is the reason for some of the biggest 
growth in the market for automatic data processors. An example 
is airline reservations. Second, there is the contribution of com- 
puters to other machines. Many machines may be made “more 
fully automatic” by assigning control over them to a computer, 
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because a computer is a device which can automatically issue 
sequences of commands, depending on both a stored program — 


and signals received from the condition of the work in the 


machine. 
Automation and computers are having a profound effect on 
the employment of people. In April 1961 the U.S. Secretary of 


Labor, Mr. Arthur J. Goldberg, told a committee of the United — 


States Congress holding hearings on automation, that “machine 
and other technological developments would replace 1.8 million 
jobs” in the next twelve months. About the same time he set up 
in the Department of Labor an office of Automation and Man- 
power to study the displacement of labor caused by new tech- 


nology, and to find cures for the resulting unemployment. — 


Unemployment currently in the United States is over 5 million 
people. 


2. Displacement of People by Machines 


The displacement of people by machines is, however, not a 
new problem. Apparently the first group of people who protested 
with the utmost vigor their displacement by machines were peo- 
ple called the Luddites, who were active in England from 1811 
to 1816, These were well-organized bands of “rioters” who de- 
stroyed machinery, at the same time posting sentinels to warn of 
the approach of soldiers. The machines they attacked were in 
particular those for making stockings and making lace. The Lud- 
dites were named after a certain Ned Ludd, a half-witted person 
who in a rage had attacked some stocking machines. The Luddite 
movement originated in Nottingham, spread over the whole of 
England, was “repressed vigorously” by the British government, 
and came to an end as relatively prosperous times came back 
in 1816. 

But this kind of violent protest is not to be found in the history 
of most technological changes. For example, the revolution in 
transportation from horse-drawn wagons to motor cars has caused 


almost the entire wagon industry to disappear; yet larger num- — 


bers of people than the wagon industry ever employed have be- 


come employed in the automobile industry. The consumers of j 
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personal transportation have chosen to demand and pay for over 
ten times as much transportation as the horse and buggy would 
give them. The railroads have also been affected recently by 
technological change. From 1945 to 1960, there has been a 65 
per cent rise in productivity and a drop of 540,000 in employ- 
ment. But strong labor unions have prevented a part of the 
burden of change from falling on the employees; witness the 
number of passenger trains which still have engineer, fireman, 
conductor, and brakeman, even though the train may be only 
two cars long. So to a considerable extent management and 
owners have gone hat in hand to the public, the government, 
and the courts, seeking relief. 


3. Shock Absorbers Provided by Employers 


The U.S. Bureau of Labor Statistics has gathered and pub- 
lished some experience on the displacement of people by auto- 
mation, both in data processing and outside of it. This experience 
is in the form of twenty case studies including: the radio and 
television industry, where printed circuitry had been applied; 
an oil refinery; a large bakery; the introduction and use of com- 
puters in a large life-insurance company; and an automatic seat- 
reservation system for an airline. The Bureau has reported a 
dozen “cultural shock absorbers” for reducing the impact of 
change. 

In the first place, the time for the change can be long instead 
of short. The Bureau found in its studies that usually three years 
pass between the time of starting serious study of the feasibility 
of a computer and its actual full-scale adoption. This gives a long 
period of preparation. It can lead to orderly change for employees 
with reasonable adjustments instead of disorderly change with 
rapid and painful adjustments. A year or more in advance, an 
employer can tell most of the affected employees, “You will con- 
tinue to have a job with us, but not necessarily in the same work.” 

Second, employees often can be reassigned, with or without 
retraining. In a number of cases studied, the Bureau found that 
the employer had planned the reassignment of jobs carefully and 
scheduled it well. 
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In one case, out of 2800 people affected, over 2200 were placed 
in other jobs within the company, based on aptitude tests an 
personal interviews. Yet only 52 out of the 2800 people were as- 


signed to jobs with the electronic data-processing equipment and — 
remained on work close to their original jobs. In some cases, the 
Bureau found that the new jobs of people reassigned were better 


than their old jobs. 
Retraining workers is, of course, the sensible, long-run, ap- 


proach to the problem of technological displacement: educating 
people to do other work. The Bureau reports that in one instance, — 
the employer provided on-the-job training for people to become 


typists and key-punch operators. 
In the U.S. Department of the Treasury the work on payment 


and reconciliation of checks has in the last few years resulted in a — 
decrease of 44 per cent in unit cost. Yet only “a negligible 
portion” of the force was laid off, and.some employees were used 


in work that could not previously have been done. 

Third, the employees can be let go, with considerable notice 
and with severance pay to diminish the burden. In one case the 
employer offered displaced persons jobs in other cities (with 


moving allowance), and also canvassed other local employers for 


new jobs for these displaced people. 


Finally, turnover can be used to cut out jobs. In one large life~ 


insurance company, about 12 per cent of the jobs that were 
vacated by clerical employees leaving were not filled. 


4. Shock Absorbers Provided by Union Contract 


An interesting example of provision for economic change is a 
union contract signed in April 1961 between a large department 
store in New York (R. H. Macy and Company) and its labor 


union, Local 1-S of the Retail, Wholesale, and Department Store — 


Union. A giant National Cash Register computer to be installed 


in June was scheduled to wipe out 111 jobs and create 43 new — 
ones; so in April the employer and the union wrote into the con-— 


tract a practice which had been operating since 1956: 





WHERE WE ARE HEADED 157 


1. An employee whose job is eliminated by a machine will 
be trained by the employer to perform an equal or higher 
rated job if he is capable. 

2. Training will be at the store’s expense. 

3. The training will not exceed the number of weeks of 
severance allowance the employee has earned. (The ex- 
isting contract provides that the store will give perma- 
nently laid-off employees one week’s pay for the first two 
years of service, two weeks’ pay for the first five, and one 
week’s pay for each succeeding year of service. ) 


Since on the average the store’s employees have twelve years 
service, and will therefore have nine weeks’ severance pay, there 
will clearly be an economic incentive to the employer to retrain 
employees with much service rather than to sever them. 


5. Shock Absorbers Provided by Education 


In a rapidly changing society of any kind, it can be demon- 
strated that many people during their lifetimes need to change 
their jobs. 

Probably there are two kinds of people, those who enjoy change 
and those who do not. The first kind of person may change his 
job for many reasons other than necessity, saying to himself “I 
would earn more if I worked at that” or “I would be happier if I 
could do that” or “I would like to live in that part of the coun- 


This kind of person needs a general-purpose education, one 
which will give him a grip on many kinds of situations. Then if 
he needs to become a supervisor, he has an introduction to the 
subject and knows how to learn more; if he starts to farm in 
Alaska, he knows a little about farming and about Alaska—and 
how to learn more; and so on. In particular, such a person will 
need to know something about computers, for the larger the num- 
ber of vocations which he might come into contact with, the more 
likely it is that computers will have an impact on some of them. 

But there is a type of person who likes to settle himself into a 
particular job, and improve his way of doing it year after year. 
Such a person had better ask himself: “How likely is it that the 
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skill I shall develop will remain useful in a rapidly changing 
society?” 

This problem is rather like that other problem which faces a 
young man in school and college when he is choosing his main 
athletic activity: a football player develops a skill which in al- 
most all cases stops immediately at the end of college, when he 
is twenty-two or so; but a tennis player develops a skill which 
he can exercise and enjoy until the beginning of old age. 

For years and years to come, it seems that occupations like bus 
driver, motor-car repairman, druggist, pharmacist, plumber, ex- 
ecutive’s secretary, and the like will be highly resistant to any 
kind of automation. What do these jobs have in common? 


1. The job needs reasonable intelligence. 

2. The job cannot be handled on a large scale (for example, 
no over-the-road bus to carry 300 people in one compart- 
ment will probably ever be built). 

3. The job requires dealing with a diverse, general environ- 
ment, the parts of which are efficiently recognized and 
distinguished by the human senses (eyes or ears in par- 
ticular ). 


If the job requires almost no intelligence, it would probably 
develop into a task for a machine guided by a person, like the 
job of ditch digger, which has been given to the power shovel. 
If the job can easily be handled on a large scale, it should be 
economically possible to develop specific factories for the task, as 
for weaving or breadmaking. If the job does not require the 
capacity to recognize and deal with a large variety of environ- 
ment but only a small variety, then it can probably be easily 
mechanized, even if it is small-scale, like the automatic controls 
for operating an oil furnace to heat a home. 

The education needed for this kind of person consists mainly 
of sufficient education to make a good sound choice for himself, 
and adequate education in the line of work that he has chosen 
and its ramifications. 

The unemployment problem due to computers and automation 
is likely to be at its most crucial stage in present years, when 
machines are newly at hand to do efficiently the work which 
thousands of people have been doing for many years. Yet, in the 
future, when it is clear that certain kinds of jobs no longer exist 
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for human beings, fewer and eventually no human beings are 
likely to train themselves for such jobs. 


6. The Demand for Computer People 


In 1944, when the first automatic general-purpose digital com- 
puter began to operate in Cambridge, Massachusetts, the number 
of persons who could be called “computer people or computer 
scientists” was probably less than one hundred. The first meeting 
of the “Eastern Association for Computing Machinery”, which 
took place at Columbia University, New York, in September 
1947, was attended by 75 people. Considering those who did not 
know of the meeting or could not attend, this probably signified 
that in the computer field there were then about 500 to 1000 
people. 

In 1961, some thirteen years later, there were an estimated 
10,000 computers installed. If there were on the average 6 or 8 
computer people at each of these installations, 60 to 80 thousand 
people were then in the computer field. 

Where did they all come from? Some of them were mathema- 
ticians, logicians, scientists, who came from universities, or gov- 
ernment or industrial laboratories. Some of them were men who 
had worked in installations of tabulating machines using punch 
cards, such as those to be found in many large businesses. Some 
of them were industrial engineers, methods analysts, systems and 
procedures specialists, management consultants, comptrollers, ac- 
countants, auditors, and similar people; to their previous profes- 
sional training, they added knowledge about computers and data 
processors. And there were more besides—including teachers, 
students graduating from college, patent attorneys, supervisors, 
managers, and even one-man owners of businesses. 

Over and over again in the commercial world it has proved 
more efficient and more desirable to train persons who already 
understood the business, in the techniques of computers—rather 
than to train experts in computers, to understand the many rami- 
fications of the business. But either process made an individual 
into a computer person. 

This demand shows no sign of lessening. Existing installations 
are finding out that they can do more with computers than they 





160 THE COMPUTER REVOLUTION 


previously thought they could; and so they need more computer 
people to understand more of the organization’s work and put 
that also on the computer. And organizations that have not pre- 
viously used a computer are acquiring one and demanding that 
some of their own employees and new employees be computer-— 
trained. It is understandable that all this should be happening — 
because computers and data processors are multiplying by a_ 
factor of a million the capacity to do the basic and fundamental 
operations of reading, writing, and arithmetic. 


7. Where We Are Headed: Employment and Social and 
Economic System 


In the long run, the employment of people in a society filled — 
with computers and automation depends directly on the nature 
of the economic system in which that society runs. If most of the 
factories, industries and plants where people are employed are 
privately owned (as in capitalism), then a good measure of social — 


regulation by government in the interests of all of society will be 
needed, to make sure that the advantages of installing computers 
and automation are shared reasonably well among all the parts of 
society. Such regulation will be difficult because of the distort- 
ing effects of large fortunes or great power. If most of the facto- 
ries, industries and plants where people are employed are publicly 
owned (as in socialism), then a good measure of supervision by 
government in the interests of all of society will be needed, to 
make sure that the advantages of installing computers and auto- 
mation are shared reasonably well among all parts of society. 
Such supervision may be difficult if the better-paid and higher-up 
administrative classes are diverting an unfair share to themselves, 
In other words, as you may guess from these remarks, the way in 
which the system actually works out may be much more im-— 
portant for the full employment of people and their resulting 
happiness, than the nominal economic forms under which their 
society is working. 

In themselves, computers and automation, like matches and 
fire, are completely and altogether neutral—with the exception 
that maximum mistakes will have a far worse effect because of 
their greatly increased power. 





CHAPTER 14 


SOCIETY AND COMPUTERS 


THE SHAPE OF THINGS TO COME 


What can we say about where we are headed in business and 
industry, education and travel, science and thought, government 
and society—so far as the influence of computers goes? 

Many important developments in society will happen inevi- 
tably because the automatic handling of information is here and 
will solve many rather urgent problems lying in front of our noses. 
Some other developments are less certain because the evidence 
is less convincing. But we can be certain beyond doubt that a 
vast number of important changes for human society will result 
from computers. In fact, only the early beginnings have been seen 
in the years 1944 to 1961. 

The changes in society flow from these demonstrated facts: 


1, Computers can furnish an unlimited supply of useful an- 

swers if the questions are asked properly of the machines; 

2. Computers can issue an unlimited supply of appropriate 

signals to activate other machines if the computers are 

eae ge programmed and have appropriate sense 
ata. 


These two flows of answers and signals come from the power 
of the computer to take in a great variety of information and 
perform a great variety of reasonable operations on the in- 
formation. 

Only when no human beings are able to specify reliably the 
methods for drawing conclusions from the data, are we unable 
to assume that computers will give appropriate answers. Take 
for example the application of computers to legal statutes and 
regulations; there are many passages where competent people 
simply do not know what is intended, and where different peo- 
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ple interpret differently; it is not likely that computers can solve 
these ambiguities beyond the power of a judge to hold differently. 


1. Social Control over Computers and Data Processors 


Should computer power be a public utility? Should anyone be 
able by law to have access to a computer for a reasonable cost 
when he so wishes? If electrical power must be sold by law to all 
persons desiring it, at prices regulated by governmental bodies, 
should electronic data-processing power, the power to answer 
questions, be similarly provided and sold? 

There is at least one marked difference between electric power 
and computer power. The provision of electricity requires ex- 
pensive electric power lines along which it is distributed. It is 
obviously uneconomical and unnecessary duplication to have 
two competing electric companies running their power lines 
through the same neighborhood, and for each house in the neigh- 
borhood to have the option of tying up to one or the other of two 
electric supply lines. 

But this condition is not true of computers. If you should walk 
down a “computerized” street in a business neighborhood, you 
might find in five adjacent businesses the computers of five dif- 
ferent manufacturers. 

In addition, there are many service bureaus providing comput- 
ing and data processing to customers. They compete with each 
other, they are eager to find customers, and they may appeal to 
their prospective customers on the basis of low price as well as 
efficient service and other factors. 

In an interesting legal case some years ago, the United States’ 
largest manufacturer of computing and data-processing machines 

(International Business Machines Corporation) was sued by the 
U.S. Department of Justice as a monopoly. A consent decree pro- 
vided that IBM machines—which up to then were only rented— 
also had to be sold, and also provided that many IBM patents 
and inventions had to be licensed, so that competition would be 
less restricted and more open in the field of computers and data 
processors. This has happened. 
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So there is no apparent need for additional government regula- 
tion of the field at this time. 


2. Business and Industry 


Looking ahead at business, we can foresee the automatic office. 
Mail comes automatically into the automatic office, is opened 
automatically, read by optical character reader, understood by 
computer, and referred to rules which that office uses to make 
decisions with. The decisions are computed, and the actions are 
called for and carried out by machine, such as paying a bill or 
sending a purchase order. 

Orders received in the business are transmitted in machine 
code to the automatic factory associated with the office. The 
automatic factory, with its computer, and its rules also stored in 
the computer’s memory, transmits signals to the machine tools, 
produces the products, packages them, labels them, and rolls 
them down chutes into the shipping room. 

Unrealistic? No, Great strides in making the operation of cer- 
tain offices automatic have already been taken: in insurance com- 
panies, in airline reservation offices, etc. A modern automatic 
electricity-generating station has only one or two men in it, for 
reacting to rare, unmechanized contingencies. 

The elaborate, basic decisions to be made by the management 
of large organizations are in process of being computerized. An 
example is management games played with a computer, where 
teams of management people can see in the course of an after- 
noon how their decisions affect hypothetical competitive situa- 
tions over a year. 

A centralized automatic banking service covering the whole 
country is possible, using magnetic tape entries instead of paper 
checks, according to a member of a management-counsel firm 
speaking at the end of 1960: 


“A truly universal and automated credit card system, which would 
eliminate the exchange of checks, money orders, invoices, receipts, and 
other paper is a factual possibility in the next 10 years, with only 
modest improvements in existing equipment. The center of the system 
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would be a financial utility similar to today’s banks which would con- — 


trol each person’s fund account on magnetic tape. Input to a person's 


account would be the person’s salary or wages, credited electronically. — 


Output from the account would occur from credit transactions in vari- 
ous places where purchases were made. . . . A concomitant would be 
automatic fair and honest taxation without mistakes or dishonesty by 
taxpayers.” 


Countless production tasks will become automatic and com- 
puterized. One example is the machine tool which stores the ex- 
act motions and times of a competent lathe operator for making 
a certain part; then the machine tool repeats these motions as 
often as may be needed to turn out multiple copies of the part 
that the operator first made. Another example is the machine-tool 
control program for a part which is computed from the blueprint 
(or other specifications ) for making the part. 


3. Government 


The continual demand by the government for more and more 
information-handling will be another great stimulus to the future 
development of computers. The census of a large country will 
always be a major consumer of computer power, as will be social- 
security accounting. 

Besides these, we can foresee an entirely new form of function- 
ing democracy, in which a congressman really knows how his 
constituents feel. Imagine attached to each registered voter's tele- 
phone a device in which a three-digit number (for the number 
of a question) could be stored, and a switch which could be 
turned to “yes,” “no,” “abstain,” and “it depends.” During the day 
the voter reads in the paper that his congressman is wondering 
about such and such a question. He goes to his phone, sets in the 
number of the question, and his vote. That night around 4 A.M. his 
telephone is interrogated by an electronic pulse, and the informa- 
tion his set contains is transmitted to his congressman’s office and 
summarized by computer. In the morning the congressman really 


‘knows how nearly all his constituents feel on the question he has 


been wondering about. 
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Law enforcement is another field where the computer can aid. 
The City of Los Angeles already has a remarkable punch-card 
system for analyzing the modus operandi of crimes, predicting 
where the next crime of a certain type will take place, and catch- 
ing the criminal. We can foresee a vast extension of the use of the 
computer for keeping track of crime and detecting and catching 
criminals, and making criminal behavior less and less profitable. 
It ought to be possible at the same time to guarantee the right 
of the ordinary individual to privacy and freedom from harass- 
ment since only persons who have committed at least one crime 
would necessarily be included. 

Accurate weather forecasting and, as the years go by, control 
over the weather will be a result of computers, Some control over 
rain has occurred from the use of silver-iodide smoke to provide 
nuclei for supercooled water vapor to condense upon. A serious 
drought in the watershed of New York City some years ago was 
probably (not certainly) broken by silver-iodide smoke; but there 
were some accompanying floods, and the city was sued. The de- 
fense it argued in court was that though admittedly it had tried 
to make the rain, actually its attempts had not caused the rain, 
but that the rain had come for other reasons. Probably only in a 
socialist country where there is less individual capacity to sue the 
government, will control over rain, the weather, and other factors 
of climate, which benefit some people and harm others, first be 
achieved. 

In irrigation (dealing with insufficient water) and flood con- 
trol (dealing with too much water), the network of installations 
calls for computer control, both centralized and local. Then one 
field can get more water, another field less, depending on an 
intelligent response to needs. 


4. Transportation 


Transportation in the future has many applications for com- 
puters. A frequent feature in Sunday-newspaper magazine sup- 
plements is the future superhighway showing private passenger 
cars speeding along but guided by electronic means, so that they 
can travel at the maximum safe speed, not interfere with other 
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vehicles, and leave riders in the cars free to read, play games, 
or otherwise amuse themselves. Sometimes the technique envi- 
sioned is the following of a special strip in a lane of the highway. 
For economic reasons, the possibility is worth exploring. One of 
the largest wastes of time at present in the United States is the 
waste of time to think and work while a man drives a private 
car. In addition, electronic guidance might be able to prevent a 
large part of the 40,000 deaths per year in the United States 
from automobile accidents. 

Railroads, ships, airplanes, and space vessels, all have a de- 
mand for computers. The automatic train is on the way. Any 
space-vehicle launching will be almost completely automatic in 
its navigation and control, because the calculations are too vast 
for a human being even to try to carry them out. Throughout the 
field of transportation, computers will be widely applied for 
navigation, reservations of space, and control of traffic in con- 
gested lanes, whether in the sea, in the air, on land, or in space. 


5. Medicine 


Another field where wide applications of computers can be 
confidently forecast is the field of medicine. No doctor nowadays 
can remember all that he needs to know, not even a specialist in 
his limited field. Therefore, the computer will be called upon. 
Computers will provide diagnosis, consultations, reference to the 
literature, extracts of pertinent information, advice. Verification 
will necessarily be via a human doctor, although that presents two 
risks: that the computer may be right and the doctor may dis- 
believe it; and that the computer may be wrong and the doctor 
may believe it. It is true that the computer can have rapid ac- 
cess to far more knowledge than the individual human being, 
and that it can perform deductions, correlations, and judgments 
very swiftly and in accordance with a very elaborate and thought- 
ful program of instructions. But the computer cannot “see” the 
patient with “eyes” or “hear” the patient with “ears”, or judge the 
patient with “intuition”. Instead, the computer has to receive re- 
ports from the medical attendants who observe the patient and 
from the laboratory instruments; all these reports have to be 
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translated into machine language. And the reporting may be in- 
accurate or incomplete or both. Yet with even these limitations, 
computers are bound to be of great assistance in the treatment of 
disease. 

In the area of medical research, computers will also apply. 
Medical research generally consists of great numbers of cycles: 
investigation, hypothesis, trial, error. The researcher goes around 
this cycle an inordinate number of times before he finds a single, 
small branching which is a new cure. Also, many doctors in 
many parts of the world often “try and err” in similar fashion 
when performing research on a new drug or an old disease. Com- 
puters with their complete indifference to monotonous tasks, 
their capacity for rapidly comparing and evaluating test data, 
and their ability to look up on magnetic tape the results of other 
searches, can be an ideal tool of medical research. Dr. L. B. 
Lusted, of the University of Rochester Medical Center, has esti- 
mated that by 1970 at least half of all biomedical research proj- 
ects will require automatic computation. 


6. Exploration of Strange Environments 


The computer combined with sensing and acting devices is the 
robot. Many environments difficult or impossible for human be- 
ings become open to the robot. A robot with television, arms, a 
means of locomotion, and remote control now exists, made by 
Hughes Aircraft. The human being can see by means of the 
television and guide the robot accordingly. Or the robot can be 
controlled with a stored program. Some of the inaccessible en- 
vironments which can be explored by robot are the surface of 
the moon, the interior of a volcano, a radioactive room in a nu- 
clear laboratory, and the depths of the ocean. 

We can imagine a very small or microscopic robot with tele- 
vision and arms. This might enable a human being to participate 
in interactions with very small animals. In this way an investiga- 
tor might take part in what goes on in an ant hill. 

We can even imagine that the language or medium of com- 
munication between the ants in an ant hill could be penetrated by 
means of a computer and robot, and that a human investigator 
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could exchange information with such beings. Of course, if their 
tempo of living and communicating because of their smaller size 
were twenty times as fast as the tempo of human beings, it would 
be harder. But we might perhaps still program a computer so 
that it could communicate in their tempo, and later the record of 
intercommunication could be played over in slower human 
tempo. 


7. Education and Training 


In education and training, already there are simulators and 
trainers (variant machines in the computer field) to teach the 
crews of complicated machines like airplanes and submarines, 
sonar and fire-control equipment, etc. These simulators have 
been developed by the military and by commercial airlines so 
that they could train people without using actual equipment. In 
fact, trainer delivery can beat new-equipment delivery by a num- 
ber of months, so that at the time that a new plane is delivered, 
the crew is all trained and ready for it, knows it, and can fly it. 
We can forecast much wider development and use of simulators 
and trainers. 

Teaching machines have begun to be developed and used. In 
some cases, the teaching situation has been mirrored or repre- 
sented on a computer, and studied. In other cases, the computer 
may be programmed to deal with 100 students at once, in time- 
sharing mode; yet the lag is imperceptible while any one student 
waits for the response of the computer to what he has just an- 
swered on a test. 

We can look forward to a vast amount of progress in the 
teaching-machine field. Imagine a series of excellent lectures on 
history, say, recorded with film slides, and given verbatim to 
students, but with pauses and questions so that the students can 
individually respond to the points made. Many human beings 
learn better through using their eyes and their ears together; and 
they will learn still better when the machine is quickly and ap- 
propriately responding to all that they do and all that they ask. 

Lying ahead of us, and like the home hi-fi, is the home theater. 
When we want Hamlet, we shall be able to put Hamlet on the 
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machine, see it in color, and hear it in high fidelity; and if we 
want to be checked on our understanding of it, we turn on the 
teaching-machine attachment. This could be superb education. 


8. Home and Family 


The Industrial Revolution, the advent of electricity, clever 
machine designers, and the big home market in the United States, 
have produced a large number of remarkable appliances for 
homes. The home has become a highly automatic place to live, 
as compared with the home of fifty years ago, with the automatic 
washing machine, the automatic clothes dryer, the automatic oil 
furnace with automatic temperature control, the automatic dish- 
washer, etc. The automatic stove and oven permits you to put 
various dishes in ready to be cooked, set the switches for how 
much heat is to come on and when; and then when you return 
at the start of mealtime, you take out of the oven everything you 
want, cooked to perfection. 

The future holds the automatic, programmed, vacuum cleaner, 
which will store on a record the sequence of steps to be used to 
clean a room, learning it the first time as you “show the new 
machine how to do it the way I like”. The vacuum cleaner will 
repeat it as desired, until] something is changed. The automatic 
home teaching machine will help the children with their home- 
work. The automatic home library will answer questions (not 
spoken ones but typed ones). The automatic programmed lawn 
mower, like the vacuum cleaner, will be able to be recorded, so 
that it will do the same lawn-mowing over again when it is 
needed. 

Another device which will come is the programmed auxiliary 
solar heating and cooling unit, so that fuel and air-conditioning 
bills can be a third or a fourth of what they are now. This ma- 
chine will respond appropriately to different weather conditions 
so that when the weather is cloudy and cold, it will do one thing, 
and when it is sunny and warm, it will do another. 
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g. The Preservation of Personality 


i 


We can foresee a variation of a computer plus a talking motion- 
picture projector which could be an effective memorial of the — 


personality of a man after his death, in such a way that his per- — 


sonality, his particular configuration of human behavior, might be ~ 





communicated with after his death. At present we have pictures — 


of a man, we have his books, journals, and letters, the poetry that 


he may write: perhaps we may even have talking colored movies 


of him on certain important occasions. It would not be difficult to 
add to all this a record of a long and thorough interview with him, 
as if a newspaper reporter were asking him a long series of im- 
portant questions about his ideas. This interview and his writ- 
ings would be studied, and a great proportion of his thoughts 
and typical reactions would be gathered up in words, pictures, 
and sound. They would then be sorted and indexed in such a 
way that various questions could be asked of the memorial ma- 
chine, and the appropriate responses in keeping with the man’s 
personality would be produced by the machine. 

Such a talking, visual, responsive memorial of a man might be 
far more effective than a statue or a book or any hitherto existing 


type of memorial. And as the technique for understanding the — 
personality of men became better worked out, we could be sure 


that go or 95 per cent of the time, we would be receiving from 
the computer-projector just about what he himself would have 
said, in the glowing prime of his life. 


10. Music by Computers 


Another of the territories which will be affected by computers 
is that of musical composition. By studying and describing music 


mathematically and statistically, mathematicians have arrived at — 
rules and programs for computers, instructing them to compose ~ 


musical pieces, One of the pieces which have been composed is _ 
the “Iliac Suite for String Quartet”, by L. A. Hiller, Jr., L. M._ 
Isaacson, and the Illiac computer (a computer at the University — 





t 
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of Illinois at Urbana, Illinois). This piece was played by human 
musicians following the computer-produced score. Another piece 
is “Variations in Timbre and Attack” by Dr. John R. Pierce of 
Bell Telephone Laboratories, Murray Hill, New Jersey, and the 
IBM 704 and 7ogo computers with music-making devices at- 
tached to the computer. 

Listening to the recordings of these pieces and comparing them 
with other orchestral music, I was struck by three aspects. First, 
there is an extraordinary flexibility and variety of musical notes, 
overtones, timing, and intensity possible. Part of the reason for 
this is that the computer is not limited to the ten fingers and two 
hands of the human musician; nor limited to the musical re- 
sources of any existing orchestral instrument such as the violin 
or oboe; instead it has a vast range of pitch and quality. Second, 
apparently it is easily possible by mathematical analysis and com- 
puter programming to imitate convincingly a style of music such 
as a Bach chorale. Finally, however, there seems to be a tendency 
for the music to be less “interesting”, less melodic on the broad 
scale, than music composed by a good musician. But these are 
comments on the earliest pieces yet developed by computers and 
mathematicians together, and it may well be expected that as 
more of this work goes on, some truly interesting and worthwhile 
musical pieces will be composed by computers. 


11. Thought, Science, and Knowledge 


What about the effect of the computer revolution on science, 
knowledge, and thought? 

Scientific investigation will become easier and more powerful. 
The known information about an area in which experimentation 
is to take place can be put into a computer. The plan for experi- 
menting and the results of the experiments can go in. A com- 
puter program for general scientific analysis can compare the 
experimental results with the knowledge stored, and lead to the 
formulation of new theories but without forgetting possibilities 
that the experimenter did not notice. For example, in 1928 Alex- 
ander Fleming, a professor of bacteriology in London, noticed 
that some stuff from penicillin mold stopped the growth of a 
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disease-causing bacteria growing on a disc of agar gum. But not 

till 1939 was penicillin first applied tentatively in the cure of 

disease. These eleven years of delay could probably have been 

avoided if this sort of information had been handled by a com 

puter with a good general scientific program. , 

Translation from one language to another, for all the languages" 

of the world, will become commonplace. Translation as fast as” 

talking, both accurate and idiomatic, will be done by computers. 

In addition, translation from highly technical language to less 

technical language will be accomplished by computer. Populariz- 

ing of scientific and other information will be done by computer, — 

according to the techniques used by some of the best human 

popularizers. 

Libraries and information services will develop far beyond our 

limited facilities of today. At present we have access mainly via 

author, title of book, or title of article. In the brave new world we — 

. shall have, instead, access by idea. What did Einstein say about — | 
the perihelion of Mercury? We shall be able to get the informa- 
tion in a matter of seconds. What did George Washington mean 

on the subject of entangling alliances? We shall get the informa- } 
tion in a matter of seconds. 
Mathematics is being transformed by the computer. Symbolie | 
methods for solving problems which did not yield numerical solu-— 
tions that could be applied are giving way to numerical-analysis 
methods which actually yield numerical solutions that can be 
. applied. Besides, computers have begun to do symbolic manipu- 

; lation in mathematics. This will proceed much further. : 
Theorems and proofs will be able to be produced by computer, 

Already a general problem-solving method has been programmed — 

for a computer. As an example of its power, it has produced — 

proofs of theorems in high-school geometry. It has been predicted _ 

that during the next twenty years, an important original mathe-— 

matical theorem will be discovered by a computer. 

Chess, checkers, and other games are being played by com- 

puters. It has been predicted that during the next twenty years | 

the world’s champion chess player will be an automatic computa 

program. 

And so we can see that in area after area of science, knowledge 

and thought, the Computer Revolution will advance the powe: 

and accomplishments of man’s mind. 
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CHAPTER 15 


DANGERS FROM COMPUTERS 


It is clear that there are extraordinary implications for society 
from computers and their applications. Golden possibilities exist 
for harnessing computers to the advantage of human beings. Yet 
at the same time fearful dangers exist for bringing about destruc- 
tion and death as a result of the use of computers—the inter- 
continental ballistic missile with nuclear warhead guided by a 
computing mechanism. (It can be argued that the results come 
“not only from computers”; but this can be answered by the fact 
that computers are an essential part, a sine qua non, in producing 
the results. ) 

What is to be done? Is it the duty of computer people, the 
persons who are professionally involved with computers and their 
applications, to be concerned with the social consequences of 
computers? Or do they have no special or unusual duties, but only 
the duties of any citizen of a society? And if the duty of concern 
over the specific social consequences of computers does belong to 
other groups in society, which ones? 


1. The Thule False Alarm 


That the danger is not fictitious is shown by the story of the 
Thule false alarm of October 5, 1960. The following account of 
what happened is put together from the Manchester Guardian 
Weekly (England) of December 1, a United Press International 
dispatch datelined Chicago, published in the Boston Traveler on 
December 13, and an Associated Press dispatch datelined Wash- 
ington, published in the New York Times on December 23. 

On October 5, 1960, the station of the Ballistic Missile Early- 
Warning System at Thule, Greenland: 
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. picked up signals which were analyzed by the computers th 
as a flight of missiles coming up over the horizon from Russia an d 
heading in the direction of America. The famous red telephone rang 
at Strategic Air Command headquarters in Nebraska. All over the: 
world SAC crews stood to their planes. Someone in Nebraska signalled 
Thule for confirmation. There was no answer. .. .” 


It happened at just this time that three American business- 
men were touring the North American Air Defense Command 
(NORAD) headquarters at Colorado Springs, Colorado; the 
were the president of International Business Machines Corpora- 
tion, and the president and executive vice-president (Peter CG. 
Peterson) of Bell and Howell. The guide showed the three execu- 
tives the equipment designed to detect the presence of missiles, 
and pointed out a lighted panel with a series of numbers ro 


from one through five. 
t 


“As I recall it”, Peterson said, “we were told if No. 1 flashed, it meant 
only routine objects were in the air. If No. 2 flashed, it meant a few” 
more unidentified objects, but nothing suspicious. If No. 5 flashed it — 
was highly probable that objects in a raid were moving toward — 

America.” 


As they watched the screen, the number changed from 1 to 2, 
then a pause, then to No. 3, then the number changed to 4. 


“When the number rose to 4,” Peterson said, “key NORAD generals — 
came running from their offices. Then the number rose to 5.” 


Quickly Peterson and the other two executives were escorted 
from the main room into another office; they did not know what 
happened in the great defense room after their departure. They 
were almost stunned, and waited through twenty minutes of “ab-— 
solute terror” 


“We talked,” Peterson said. “Our first thoughts were of our families; ‘ 
they weren't with us and we could not reach them. It was rather a — 
hopeless feeling. But then you realize there’s very little one can do if 
a missile attack is on the way.” 


In NORAD, at that time, Canadian Air Marshal C. Roy 
Slemon, deputy commander-in-chief, was in command, in the ab- 
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sence of U.S. Air Force General Laurence S. Kuter, away on 
inspection. Slemon “refused to be panicked” by the radar infor- 
mation which made it appear that long-range missiles had been 
launched against North America. In a half minute he decided 
the radar report was highly questionable; and he telephoned the 
commander at Thule, and learned that the Ballistic Missile Early- 
Warning System “was not operating properly.” 

By the time that Thule had discovered the error, that they “had 

picked up not a squadron of rockets, but a large earth satellite 

. called the moon,” they were prevented from passing on the 
correction to Nebraska “because an iceberg had cut their sub- 
marine cable link.” 

A fuller story, which frankly praises the military warning sys- 
tem, was published six months after the incident, in the Reader's 
Digest of April 1961. It was written by John G. Hubbell and is 
entitled “You Are Under Attackl—The Strange Incident of Octo- 
ber 5—For a few heartbeats, time stood still. It looked as if the 
missile war had started.” This story says that the Ballistic Missile 
Early-Warning System had reported a range of 2200 miles, be- 
cause “it had divided 3000 miles into the distance to the moon, 
and had reported the distance left over—2200 miles—as the 
range. But Air Marshal Slemon lacked other confirming evi- 
dence: (1) Air Force Intelligence said that Khrushchev was in 
New York on October 5; (2) none of the other radar lines, the 
Distant Early-Warning Line, the Mid-Canada Line, or the Pine- 
tree Line, reported any strange echoes; (3) the equipment that 
predicts areas of impact of missiles showed no areas of impact 
at all. And finally, the information came in from Thule that the 
radar pulses were taking 75 seconds to echo, whereas from mis- 
siles they would echo in % of a second. 

Of course, BMEWS has now “been taught” to disregard radar 
echoes from the moon. 

It may be argued that this false alarm was due to more factors 
than only computers. That is, of course, true. But nevertheless 
without the essential and fundamental contribution of computer 
scientists towards the computing and data-processing elements 
of BMEWS, the system would not exist. 
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2. Beginning of Discussion in the Computer Field 


From the start of the computer field in 1944 until the end of 
1957, people working in the field had more or less automatically 
assumed that computers and data processors were a great benefit 
for human beings, a marvelous extension of man’s intellect, one 
of the most exciting and beneficial developments of the Twentieth 
Century. This was the pervasive atmosphere in the computer 
field. 

This was different from the feeling of special social responsi- 
bility felt by the nuclear scientists, who unlocked the atomic 
bomb. This feeling led to the founding of the Federation of Ameri- 
can Scientists to push for the wise use of nuclear energy, the 
efforts of scientists through the MacMahon Act to put nuclear 
energy under a civilian agency (the Atomic Energy Commission ) 
instead of under a military agency, and the publication of the 
Bulletin of the Atomic Scientists. 

But in October 1957, the Russians launched Sputnik I, the first 
earth satellite, with its computer-calculated table of arrival here 
and there all over the earth. Now no one can put a satellite into 
orbit successfully without many applications and uses of com- 
puters; and there is no doubt that satellites and the opening up 
of space have profound implications for society. 

In the computer field the first ripple of recognition of the social 
responsibilities of computer people seems to have been a letter 
sent to the editors of the magazine Computers and Automation 
by a person who received a subscription promotion letter and 
refused to subscribe to the magazine. This letter, from Mrs. 
P. Cammer, Huntington, Long Island, said: 


“I have no interest in computers and automation except in so far as 
they can better the human lot. It is my opinion that apart from noted 
achievements to that end, they are on the whole more of a curse to 
humanity than they are a blessing. I think it is an outrage to civiliza- 
tion for great minds—for all minds—to work on devices for A-bombs, 
H-bombs, and the tribe of idiot missiles and other weapons that are 
the foundation of modern economics.” 
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That letter aroused the editors of the magazine, and it was 
published. The magazine began asking questions. 


“Are computers and automation a curse or a blessing? Are missiles 
with their computing brains and nuclear warheads a curse or a bless- 
ing? What is the social responsibility of scientists for the scientific 
developments which they produce?” 


Readers were asked what they thought. And pieces on the sub- 
ject of social responsibility of computer scientists began to be 
published. 


3. Is There No Horror Point? 
In February 1958 the magazine published an editorial: 


One of the papers recently submitted to “Computers and Automa- 
tion” to consider for publication was entitled something like “Diffusion 
Calculations on the (Trade Name) Electronic Computer”. It came 
from a writer at the U.S. Army Chemical Corps, and referred to a 
“chemical munition, which is designed to disseminate an agent in the 
form of a gaseous or aerosol cloud which will travel near the surface 
of the earth.” The phrase “poison gas” was avoided, but that is the 
concept which leapt into your editor’s mind. 

This paper reminded me of some of the problems which the Nazis 
put into arithmetic books for young German boys to study in the days 
when Hitler was developing the Nazi state. One problem that I re- 
member asked a youngster to calculate how many bombs would be 
required to destroy a circular town, given that one bomb would destroy 
such and such an area, and given the diameter of the town. 

I can well imagine that if automatic electronic digital computers 
had been available in Nazi Germany, they would have been applied 
to computations such as finding out how much nerve gas would be 
economically necessary to kill stated numbers and distributions of 
Jews in the concentration camps of Buchenwald, Dachau, Maidanek. 
. . . (The Nazis in fact put to death over 6 million Jews, unarmed and 
captive.) 

There are weapons which can be used for defense and not for of- 
fense, like a radar-warning network. There are weapons which can be 
used for defense and offense both, like a fighter aircraft. And there are 
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weapons that can be used for offense only, like poison gas and biologi- 
cal warfare, such as the spreading of a mortal disease that only one 
combatant has an antitoxin for. . . . Incidentally, successful biological 
warfare is probably more scientifically efficient than any kind of atomic 
bomb because it selects human beings and puts them to death, leaving 
enemy property intact and the air and earth uncontaminated by any 
radioactivity... . 

To look back in history, there are other weapons used for offense 
only, and especially against captives: torture, starvation, operations to 
change the character or virility of a prisoner, the torture of the pris- 
oner’s wife and children in front of him. . . . 

All these fields are open to science, the scientific method of experi- 
ment and investigation, the solving of intricate problems by automatic 
computing machinery. 

But is there no horror point? 

Is there no point at which a self-respecting human being should say 
“I cannot do this—I cannot study this, investigate this, publish this, 
. . . I cannot have anything to do with this, this is horrible”? 

President Eisenhower on January 10, 1958, in his State of the Union 
Message to Congress, said, “In the last analysis there is only one solu- 
tion to the grim problems that lie ahead. The world must stop the 
present plunge towards more and more destructive weapons and war, 
and turn the corner that will put our steps firmly on the path towards 
lasting peace.” 

In agreement with that view, we trust it will be a very long time, 
if ever, before Computers and Automation publishes articles dealing 
with “diffusion calculations” on the spreading of poison gas. 





CHAPTER 16 


DISCUSSION AND ARGUMENT 


During 1958, and continuing to the present, a good deal of dis- 
cussion and argument on the social responsibilities of computer 
people has taken place in one way or another. In 1958 the mag- 
azine Computers and Automation organized a ballot and col- 
lected votes on the question “Should computer people discuss 
and argue the social responsibility of computer scientists?” The 
result of the balloting was reported in the September 1958 issue 
and amounted to some 250 yes’s and 140 no’s. For the magazine, 
this settled the question whether discussion of the subject should 
take place in its pages. The answer was yes. 


1. Comments 


Over fifty comments came in from readers and were published. 
The comments could be separated into three groups, the affirma- 
tive, the middle ground, and the negative. Here are three 
samples, one from each group: 


Norman E. Polster, Southampton, Pennsylvania: I have just polled 
a few of my associates in the Research and Development Department 
on the question raised in “Readers’ and Editor’s Forum.” “Should we 
discuss and argue the social responsibility of computer scientists?” Each 
said emphatically “Yes!” One said there should be good reason before 
an editor should refrain from expressing his ideas and those of his 
readers. 

Mahatma Gandhi once illustrated the importance of choosing the 
right issue: it is best not to argue about segregation in barrooms if 
you are fundamentally opposed to barrooms themselves. Our technical 
organizations do just this when they sidestep the issues of personal 
social responsibility of the scientist regarding the uses for his work, 
by discussing instead integrity in any work. 
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The scientist has a special moral responsibility to society in our 
modern world because of the widespread devastation that his inven- 
tions can produce. It is not sufficient to continue at a job that you feel 
is morally wrong, and then say I will do all in my power as a citizen 
of a democracy to change the result of the work. It is necessary to be 
active as a citizen, to be sure, but it is more important for one’s own 
moral strength to continue to examine the use to which one’s work is 
put and then make a moral judgment. It is as simple as saying “For 
me this is right, or for me this is wrong.” Until scientists measure up 
to the tremendous social responsibility that is placed on their shoul- 
ders, our world will continue to be a precarious mixture of “curse or 
blessing.” 


Edward I. Jordan, Poughkeepsie, New York: In regard to discussing 
and arguing the social responsibility of computer scientists, I believe an 
occasional article is worthwhile; however, such subjects are usually 
treated with too much emotion and sentiment and too little logic and 
common sense. 


Lawrence Wainwright, Encinitas, California: I'll volunteer my opin- 
ion that to have the magazine carry the type of controversial articles 
you are apparently contemplating would be a grave mistake. They 
would repel me, for one, and probably a great many others who 
wouldn’t bother to express an opinion. However worthy the discussion 
may be, it is out of place in the type of magazine which I believe 
Computers and Automation is seeking to be. What you need is more 
worthwhile technical articles, not material which will inevitably irri- 
tate a substantial fraction of your subscribers. The polemics belong 
elsewhere. 


2. Are Computer Scientists to Be Judges 
of Social Responsibilities? 


But the essential question, the essential argument, that needs 
to be discussed and analyzed is this one: 


The social responsibility of computer scientists is a topic in the field 
of ethics, in the field of the social sciences, not a topic in the field of 
computers and data processing. A computer scientist cannot be ex- 
pected to be competent as a social scientist. He is hired to do a job; 
he is not hired to think about the consequences or implications of his 
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work with computers. This is outside of his territory of competence, 
and is the concern of his employer. 

Computer scientists have no special social responsibilities as com- 
puter scientists, only the responsibilities of all scientists and citizens. 


There are a number of rebuttals to this argument, though when 
one suddenly encounters it for the first time, one may not be able 
to answer it well and clearly. 

To make the answer as vivid as possible, let us begin with the 
story of a certain locksmith. 


3. The Story of the Locksmith 


Once there was a man who was in the business of making locks 
and keys, and who was very skillful. One day a stranger walked 
into his shop and said to him, “I want you to make a key which 
will open a certain safe.” The locksmith said to him, “Whose safe 
is it?” The stranger said, “Never you mind whose safe it is. I 
will pay you handsomely for the key. I'll blindfold you, and take 
you to the place where the safe is. You can have all the tools you 
want—I’ll pay for them—and you make me a key. Besides, while 
you make the key, you will have a chance to work out some 
intensely interesting scientific theories, and after the safe is 
cracked open, I will give you permission to publish some papers, 
those that don’t reveal too much information. Think it over, Ill 
be back tomorrow.” 

So the locksmith wondered about the remark “Never you 
mind,” and the blindfolding, and the secrecy; but he knew it was 
hard enough to earn a living, and the promises of the stranger 
sounded attractive and exciting. So he said to himself, “Well, that 
fellow would just get another locksmith if I did not go,” and so he 
decided he would go. And the next morning the stranger came 
for him, and he allowed himself to be blindfolded and went. 

For several years the locksmith tried to open the safe, and 
then at last he succeeded. But the stranger did not allow him to 
look inside; all the locksmith saw was the door swing open. The 
stranger then said to him, “Here is your pay—now go away—and 
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remember not to talk about this—or you will get into a lot of 
trouble.” 

After a few more weeks, the locksmith read in the newspaper 
that what the stranger had taken out of the safe was a supremely 
intelligent directing mechanism for flying weapons, from the size 
of a wasp to the size of an eagle, which would enable him to 
pinpoint and exterminate any person, any community, any town, 
any city in the whole world. And he read the stranger’s declara- 
tion that henceforth the world was to do exactly as he com- 
manded, and that any opposition to his commands or dictates 
would be precisely and completely destroyed. 


4. The Questions Presented 


This story presents us with four questions at least: Is the story 
entirely fictitious and impossible? Was the stranger a criminal? 
Could the locksmith have recognized the stranger as a criminal? 
Did the locksmith do what was right? 

The story, of course, is more parable than it is fiction. We know 
with sadness the many points where it agrees with the facts of 
past and current history, and predictions of the future. 


5. The Criminality of the Stranger 


As to the second question, it seems to me that it is not necessary 
for us to argue the criminality of the stranger because that has 
been settled, by the Nuremberg trial after World War II of the 
leaders of Nazi Germany. This trial is reported well in Tyranny 
on Trial: The Evidence at Nuremberg by Whitney R. Harris. The 
book has an introduction by Justice Robert H. Jackson of the 
Supreme Court of the United States, who participated in that 
trial; and contains a full story of the trial of the German war 
criminals, The author, Harris, served as trial counsel on Justice 
Jackson's staff. The report is an extraordinary, breath-taking, and 
bloodcurdling story, worth careful reading to show how and in 
what way the German state under Hitler planned, prepared, and 
carried out aggressive war under a thick screen of lies. Let me 
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now quote from Chapter 38, “The Law and Aggressive War” 
(p. 514 ff. ):* 


. . . In the first few years of the thermonuclear age there has been 
placed in the hands of men a new power potential capable of such 
destructiveness as to threaten the users of the power as well as the 
intended victims. War has always been homicidal; now it has become 
suicidal. Civilization may see an end to war, because it cannot survive a 
renewal of war. The second factor [possibly causing the end of war] 
is the universal condemnation of aggressive war, of which the Nurem- 
berg judgment is both source and reflection. For many years prior to 
World War II, the peoples of the world had thought of aggressive 
war as wrongful and wicked. The Nuremberg judgment gave expres- 
sion to that feeling by punishing the individuals responsible for launch- 
ing World War II. 

. . . The difficulty of applying the concept [of aggressive war] in 
close cases does not mean that courts are powerless to recognize 
inexcusable aggressive action when it clearly occurs. 

. . . The defendants could not have been surprised as to the moral 
aspects of their conduct. No one sends millions to die without a qualm 
of conscience. 

. . . Aggressive war does not become defensive war by the simple act 
of calling it such. 

. . . The slaughter of civilians in concentration camps, ordered by 
Hitler, was a crime of Hitler, even though he directed his mass killing 
as head of the German state. 

. . . It is after all moral condemnation which underlies legal prosecu- 
tion. The killing of innocent human beings by order of heads of states 
is subject to substantially the same moral blame whether it is the 
killing of civilian populations in connection with war or the killing of 
troops resisting unlawful aggression. 

. . . Of course, no one should be heard to assert absolute immunity 
for acting in accordance with the orders of anyone else, even in such a 
fundamental matter as war. 


At almost the end of the chapter, the International Military 
Tribunal is quoted: 
1From Tyranny on Trial: The Evidence at Nuremberg, by Whitney R. 


Harris, Reprinted by permission of the Southern Methodist University Press, 
Dallas, Texas, 1954. 
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“War is essentially an evil thing. Its consequences are not confined 
to belligerent States alone, but affect the whole world. To initiate 
a war of aggression, therefore, is not only an international crime; it is 
the supreme international crime differing only from other war crimes 
in that it contains within itself the accumulated evil of the whole.” 


Harris continues: 


This statement is law, and what is more, “This law applies for all times, 
in all places, and for everyone, victor and vanquished.” The initiating 
and waging of aggressive war is now indisputably criminal. No more 
important decision was ever made by any court. 


It seems to me that this settles the second question, the crimi- 
nality of the stranger; it settles the law and the morality; the 
wrongfulness and wickedness of aggressive war; of sending mil- 
lions to die with or without qualms of conscience; the moral 
condemnation that underlies legal prosecution; and the imper- 
missibility of arguing immunity for acting in accordance with the 
orders of someone else. 


6. Recognition of the Stranger as a Criminal 


As to the last two questions, the responsibility of the locksmith 
for recognizing the stranger as a criminal and for doing what was 
right, there is no doubt that according to law a locksmith has to 
satisfy himself that a customer has a bona fide right to the lock- 
smith’s help in opening a safe. Locks and keys and safes have 
been in existence long enough for the judgment of society to 
agree that a locksmith must satisfy himself that a man who comes 
to him to open a safe has a good right to have the safe opened. 
The more valuable the goods in the safe, the more necessary 
is the examination of the stranger, and the more important is the 
responsibility to do what is right. 
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7. The Towering Problem of Our Time 


So much for the general argument. Now for the specific ex- - 
ample, the towering problem of our time, intercontinental bal- 
listic missiles with megaton nuclear warheads guided by 
computing mechanisms. In this case, three groups of scientists 
play the role of locksmith: the men who make the nuclear war- 
heads, who are the atomic scientists; the men who make the 
rocket motors that will propel the missiles; and the men who 
make the guidance systems, the computer scientists. Let us talk 
about the computer scientist. 

The computer scientist, according to law and morality, does 
not have the right to shut his eyes in regard to the stranger, no 
more than the locksmith has. Both have to keep their eyes open. 

The computer scientist like the locksmith must judge the 
stranger. The stranger will not say what his real purpose is. The 
stranger, in fact, may be altogether unable to say what his pur- 
pose is; he may be in the grip of strong psychological forces 
(paranoia, for example) that he has no understanding what- 
ever. Certainly Hitler did not consider that he himself was a 
psychopath. But deeds speak louder than words, and the lock- 
smith must look at the deeds. 

Therefore, let us set up a number of criteria for the locksmith 
to decide what is the purpose of the preparations for opening the 
safe. For example, in the case of an arms race between two coun- 
tries A and B, in order to decide what these preparations really 
mean, the locksmith can make up a long list of objective tests: 


Test 1: Does country A have armed bases surrounding coun- 
try BP and vice versa? 

Test 2: Is country A (or country B) increasing or decreasing 
its military forces? expanding or contracting its testing of 
nuclear weapons? ... 

Test 3: What are the claims announced by each country for 
political or territorial changes, which probably can be ob- 
tained only by force? 
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Test 4: Can the economy of country A (and country B) re- 
main stable and function well without heavy war prepara- 
tions? 


The computer scientist, like the locksmith, has the moral and 
legal duty to study these questions and answer them objectively. 
He does have a special responsibility because without him the 
safe cannot be opened. 

And so we arrive at the proposition that it seems to me we 
have to support: 


Computer scientists have a special responsibility as computer 
scientists, more than and in addition to the responsibilities 
of most other scientists and citizens—the responsibility of 
the locksmith. 


8. The Avoidance of a Certain Logical Fallacy 


In all the discussion and argument about the social responsi- 
bility of computer scientists, there is undoubtedly present in the 
minds of all of us a logical fallacy that is begging continually to be 
accepted as truth, because it is truth so much of the time. We 
want to go on with “business as usual”. We do not want to see 
that “something new has been added.” We want to work tomor- 
row and the next day on our usual problems and not think about 
the new ones. We do not want to act on the basis that something 
has really changed, that a new and most terrible power has come 
into the possession of the governments of the United States and 
the Soviet Union. 

In the possession of the United States and the possession of the 
Russians are more than enough nuclear explosives to put an end 
to the life of man on earth. We want to say “yes, that may be, 
but somebody will do something about it, and I do not have to 
make any change in what I am doing.” 

The logical fallacy is the failure to respond realistically to a 
real change when a real change has occurred. 

The same fallacy, refusal to realize a change, operated widely 
before World War II. In 1938 the government of Great Britain 
under Chamberlain and the government of France under 
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Daladier, renounced their agreement with Czechoslovakia, and 
told Hitler that it was all right for him to take the Sudetenland 
from Czechoslovakia, since Hitler said this was his last demand; 
and Chamberlain returned from Munich announcing “Peace in 
our time!” The governments of Great Britain and France were 
in the grip of this same fallacy, the failure to see that a new and 
very real and terrible change had actually occurred. 

In one of the best books on logic that I know, Applied Logic 
by W. W. Little, W. H. Wilson, and W. E. Moore, this fallacy, 
the failure to acknowledge a real change, is given a name, “The 
Argument of the Beard.” From the book:? 


In a sense, the argument of the beard may be considered the 
opposite of the black-or-white fallacy. We are guilty of the black-or- 
white fallacy if we fail to admit the possibility of middle ground be- 
tween two extremes. We are guilty of the argument of the beard if we 
use the middle ground, or the fact of continuous and gradual shading, 
to raise doubt about the existence of real differences between such op- 
posites as strong and weak, good and bad, and white and black. . . . 
The fact that we cannot determine the exact point at which white 
ceases to be white does not prove that there is no difference between 
white and black. 

The very name of the fallacy is derived from the difficulty of de- 
ciding just how many whiskers it takes to make a beard. Surely one 
whisker is not sufficient. Possibly even 25 are too few. Then let us say 
that 350 whiskers make a beard. Why not 349? 348? and so on. We 
would have trouble determining an exact minimum. Does this fact 
mean that there is no difference between having a beard and not hav- 
ing one? . . . If a car can carry seven persons in an emergency, why 
not just one more? and if eight, why not just one more? By the argu- 
ment of the beard, a car should be able to carry an infinite number of 
passengers. . . . This error. . . is especially pernicious in value judg- 
ments because it is frequently used to justify unethical conduct. 


g. Avoiding the Fallacy 


We may guard against the argument of the beard by reminding 
ourselves that although a difference may be small, it may never- 


2From Applied Logic, by W. W. Little. Reprinted by permission of 
Houghton Mifflin Co., Boston, 1955. 
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theless be so real that an accumulation of such differences may 
bridge the distance between great extremes. 
Now, a computer scientist may say: 


“Well, it makes no difference if I work on an early-warning 
radar network, and the computers that go with it, because I 
help to defend my country against attack.” 


And another computer scientist may say: 


“I am not doing any worse than that fellow in the early- 
warning radar network, because I am working on the guid- 
ance system for an air-to-air missile which can be used to 
knock down an enemy missile to be detected by the early- 
warning system.” 


And a third computer scientist may say: 


“Well, it is true that I am working on the guidance system 
for an intercontinental ballistic missile, BUT it will only be 
launched if an enemy ICBM comes over to destroy one of 
the cities in my country.” 


And a fourth computer scientist may say: 


“Well, I am working on the computations relating to the 
spread of poison gases, BUT I am very sure that my country 
will only use poison gas if the enemy uses poison gas,” 


And finally some kind of mistake occurs in the whole tragic 
pattern—information comes in that poison gas has been used 
when in fact it has not, or that ICBM’s are on the way when in 
fact it is only the moon rising over the horizon, or some poorly 
maintained computer in a distant country has a failure. . . . Then 
all these fine differences count for nothing at all—ICBM’s land 
on Moscow, Leningrad, and Kiev, others land on New York, Chi- 
cago, and Los Angeles, and at least 40 million human beings are 
dead—more deaths in a day from less than twenty bombs than all 
the deaths of World War II in six years from all weapons com- 
bined. 

Inattention to the accumulation of small differences constitutes 
the fallacy of the argument of the beard, the fallacy of failing to 
acknowledge a real and huge change because it has been gradual. 
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We need to stop justifying our conduct on the basis of small 
differences that are really not important, and base our conduct 
on the real and huge accumulations of differences that need to 
shake and alter our basic assumptions. The megaton nuclear 
bombs exploded by both Americans and Russians, the ballistic 
missiles created by both, the earth satellites orbiting around the 
earth, the computing mechanisms that launch and guide them, 
make a real and huge accumulation of differences. 

















CHAPTER 17 


ACTIONS RELATED TO THE SOCIAL 
RESPONSIBILITIES OF COMPUTER 
PEOPLE 


As a result of the discussion and argument, much of it in the 
pages of Computers and Automation, a proposal was put before 
the Council of the Association for Computing Machinery at its 
meeting in June 1958, at Urbana, Illinois, to appoint a com- 
mittee to look into and report on the social responsibilities of 
computer people. 

The Council took action on the proposal and authorized the 
president to appoint a committee “to consider the social responsi- 
bilities of computer people to advance socially desirable applica- 
tions of computers, and to help prevent socially undesirable 
applications.” 


1. Report of the Committee of the Association for Computing 
Machinery on the Social Responsibilities of Computer People 


That committee turned in a report to the Council in December 
1958, and the report was released for publication in January 1959. 
The report emphasized that: 


Each human being shares equally in a basic social responsibility—a 
duty towards society. This duty is in part enforced legally and in part 
assumed ethically. . . . 

In addition, a human being has a number of special social responsi- 
bilities determined by his various roles and functions in society—his 
spheres of influence, knowledge, occupations, activities, etc. Each of 
these carries with it a value system . . . , and the variety of these 
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value systems may engender conflicts within the individual. Each in- 
dividual must face and resolve these conflicts for himself... . 
Therefore, the individual involved in computer activities, has, in 
addition to all his other social responsibilities, those placed upon him 
by his computer activities—responsibilities towards society and the parts 
of it: his profession, his employer, his country, mankind as a whole, etc. 


The report said that the individual: 


cannot rightly ignore these responsibilities . . . or delegate them, . . . 
or neglect to think about how his special role as a computer person 
can benefit or harm society . . . or avoid deciding between conflicting 
responsibilities. 


Finally the committee recommended that the Council of the 
Association “encourage the study and discussion” in various pub- 
lications of “topics related to the social responsibilities of com- 
puter people” and arrange for forums on this subject at the 
Association meetings. The full report is in an Appendix at the 
back of the book. 

At the meeting of the Council in March 1959 the report was 
accepted by the Council, and the committee was continued “on a 
stand-by basis.” 


2. Papers at Conferences 


Several computer conferences up to the end of 1960 have had 
sessions devoted to papers and talks bearing on the social implica- 
tions of computers and the social responsibilities of computer 
people. 

One of these conferences was the Western Joint Computer Con- 
ference, March 3-5, 1959, in San Francisco, The papers given 
were: 


“The Social Responsibility of Engineers”, by F. Wood of Interna- 
tional Business Machines Corporation 

“Emergency Simulation of the President of the United States”, by 
Louis Sutro of Massachusetts Institute of Technology 

“Can Computers Help Solve Society’s Problems?” by J. Rothstein of 
Edgerton, Germeshausen, and Grier 
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“Measure of Social Change”, by R. Meier of the University of 
Michigan 





Another of these conferences was the annual meeting of the 
Association for Computing Machinery, Milwaukee, Wisconsin, 
August 23-26, 1960. Among the papers given were: 


“The Ethical Background for Social Responsibility”, by Rev. Jerome 
E. Bruenig, S.J., of Marquette University 

“Social Implications of Automation”, by Edgar Weinberg of the U.S. 
Bureau of Labor Statistics 

“The Responsibility to Apply Computers and Computer Techniques 
for the Improvement of Business and Economic Conditions”, by 
Roger R. Crane, of Touche, Ross, Bailey, and Smart 


So, some of the tide of academic detachment, of lack of ex- 
pressed and admitted concern, of conformity with the idea “You 
mustn't concern yourself with that because it is outside of the 
computer field”—has been rolled back, and in fact has been 
turned in the opposite direction. 

; Many computer people have begun to think, discuss, argue, 
and act about their special social responsibilities as computer sci- 
entists. And some have begun to search actively for positions 
where their special skills as computer-trained people can be used 
to help advance socially desirable applications of computers, 
rather than promote socially undesirable ones. 





APPENDIX 1 
(Supplementing Chapter 5) 


OVER 500 AREAS OF APPLICATION 
OF COMPUTERS 


(Reprinted with permission from Computers and Automation, 


Vol. 10, No. 6, June 1961.) 


I. Business AND MANUFACTURING 
IN GENERAL 


1. Office 


Accounts receivable; posting, re- 
billing 

Advertising effectiveness analysis, 
data handling 

Billing and invoicing 

Budgeting 

Capital investment analysis 

Charitable contributions 

Cost analysis 

Depreciation calculations 

Directory advertising calculations, in- 
ventory 

Dispatching 

Expenses, flash reports 

File maintenance 

Filing operations, single and multiple 

Forecasting 

Information retrieval 

Inventory control 

Linear programming 

Mailing list operations 

Management games 

Management reports using the excep- 
tion principle, and others 


Management statistics analysis 

Management strategy analysis and 
simulation 

Market research: studies 

Operations research applications 

Order acknowledgment 

Order analysis 

Overhead cost allocation 

Payroll changes for general increases 

Payroll determination and issuing 

Pension reporting and updating 

Performance evaluation 

Price analysis 

Property accounting 

Purchase order writing 

Production forecasting 

Questionnaire analysis 

Repair and maintenance: records, 
scheduling, control 

Royalty processing 

Salary advances 

Sales analysis 

Sales area distribution 

Savings bond deductions 

Taxes, income 

Transportation optimization 

Vacation scheduling 

Voucher distribution 
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Wage and salary analysis 

Wage and salary tax computations 

Warehousing and stocking: records, 
analysis 


Work-in-process records 


2. Plant and Production 


Assembly line balancing 

Factory operation simulation 

Labor utilization: schedules, analysis 

Machine loading schedules 

Machine tools: control for automatic 
reproduction of complete parts, etc. 

Machine utilization analysis 

Materials and parts: requirements, 
allocation, scheduling, control 

Procurement 

Quality control 

‘Route accounting (Bakeries, Bottling 

plants, Dairies, etc.) 
Shop scheduling, optimum 


Il. Busrness—Speciric Fre.ps 


1. Banking 


Check processing accounting 

Corporate trust accounting 

Demand deposit accounting. 

Factoring accounts processing 

Fund accounting 

Installment loan accounting 

Inter-office records: transmission, fil- 
ing, recall 

Loan accounting, records, and analy- 
sis 

Money orders 

Mortgage loan accounting 

Payroll accounting 

Personal trust accounting 

Real estate loan accounting 

Savings and loan postings 

Savings Club deposit accounting 

Signature verification 

Stockholder records 


Trust accounting 
‘ 5 


2. Educational and Institutional 


Hospital patient billing e 
Registration; university 

Revenue and expense accounting 
Supply accounting 

Teaching 

Test grading 


3. Finance 
Amortization 
Bond evaluation 
Dividend calculation 
Equipment trust accounting 
Fund analysis 
Monthly customer statements 
Portfolio evaluation 
Stock analysis 
Stock price index computed nomi 
etc. i 
Stock transfers 


! 


4. Government 


Appropriation accounting 
Budgetary control 

Census analysis 

Election return analysis 
Income tax accounting 

Mail sorting and routing 

Motor vehicles: registration 
Parts cataloging 

Rubbish disposal planning 
Sales tax records, analysis 
Simulation of sections of the economy 
Statistical analysis 

Supplies: inventory and control 
Water and sewer rates revenue 


5. Insurance 


Actuarial research 

Agency accounting 

Agents’ commission calculations 
Asset share calculation 
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Automobile coding Depletion accounting 
Claims Distillation tower design 
Commutation column calculation Equilibrium flash calculation 
Dividend formula analysis Flow: control 
Dividend scale calculations Fuel deliveries: degree-day account- 
Gross premiums calculation ing 
Group annuity calculations Gasoline blending 


Group insurance commissions 

Mean reserve calculations 

Mortality tables 

Net premiums calculation 

Non-forfeiture value calculation 

Policy issuance 

Policy reserves calculation 

Premium billing 

Premium and loss distribution ac- 
counting 

Renewal rating calculations 

Valuation calculation 


6. Law 


Crime: analysis, prediction 

Laws: analysis, consistency studies 
Patent searching 

Traffic violations: recording, account- 


ing, analysis 
7. Libraries 


Information retrieval 
Records and control 


8. Magazine Publishing 


Renewals: analysis, promotion 
Subscription fulfillment 


g. Oil Industry 


Absorber calculations 
Aerial surveys and exploration: analy- 
ses 


Bulk stations: wholesale sales, billing, 
accounting 

Credit card accounting 

Crude oil: analysis of properties, eval- 


uation 


Gravometric analysis 

Heat exchange calculations 

Heat and material balances 

Lease and well expenses and invest- 
ments: records and analysis 

Map construction 

Off-shore installations: studies of de- 
sign variations 

Oil field analysis: 

Correlation of data from different 
drill holes; 

Correlation of data from seismic 
tests; 

Estimated amount and direction of 
flow of fluids through porous 
rocks 

Oil purchase accounting 

Pipe stress analysis 

Plate-to-plate distillation calculations 

Refinery and gas plant components: 
design, operation 

Refinery shutdown and maintenance: 
scheduling calculations 

Refinery simulation 

Secondary recovery: analysis 

Seismic data reduction 

Well logs: corrections 

Wells and fields: prorating analysis 


10. Public Utilities 


Boiler control 

Circuits and lines: mileage analysis 

Compressor performance 

Dispatch control 

Electric distribution networks 

Equipment: attrition and life expect- 
may 

Gas distribution networks 

Gas well probation 
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Load duration Travel reservations 
Load flows 

Meter reading 13. Miscellaneous 

Natural gas measurement 

Pipe line design Catalog indexing 


Power distribution calculations 
Power plants: stability of control 
Power production scheduling 

Rate determination 

Repair calls: dispatching, scheduling 
Sag-tension studies 

Steam turbine: output, control 
Transformer thermal rating 
Transmission line design and losses 
Water reservoir management 


11. Telephone Industry 


Coin telephone: collecting, account- 
ing 

Customer payments 

Local service charge billing 

Message register billing 

Toll ticket billing 


12. Transportation 


Aircraft maintenance scheduling 

Air traffic control 

Automatic toll registration 

Bus scheduling 

Cloud-height-data analyzer for air- 
ports 

Collision warning systems 

Elevators: automatic control 

Flight simulation and pilot training 

Motor freight records, analysis 

Navigating systems 

Parking garages: automatic control 

Preventive maintenance scheduling 

Railroad freight cars: accounting, al- 
location, distribution, control 

Railroad inventory accounting 

Rail traffic control, centralized 

Ship arrival forecasting 

Subways: automatic control 

Trains: automatic control 


Hotels: registration, reservations 

Meat packaging: mixture, optimiza- 
tion 

Television stations: real-time program 
switching operations 

Vending machine programming 


TI. Sctenck AND ENGINEERING 


1. Aeronautical Engineering 


Aerodynamical formulas; evaluation 
Airframe stress analysis 
Critical speed problems 


Curve fitting 


Factor analysis 

Flight simulation 

Flight test data reduction 

Flight training devices 

Flutter analysis 

Ground controlled approach: pro- 


gramming 
Gyroscopic calculations 
Heat transfer analysis 
Helicopter piloting studies 
Navigation training devices 
Rocket fuel analysis 
Satellite tracking 
Suspension reaction for airborne 
stores 
Systems evaluation 
Theodolite data reduction 
Vibration analysis 
Wind tunnel data reduction 


2, Biology i 


Animals: behavior models 

Hybrid optimization 

Livestock breeding control { 

Livestock-feed ingredient-mix: opti- 
mization 
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Species characteristics: correlation 
analysis 

Species varieties: automatic classifica- 
tion 


3. Chemical Engineering and 
Chemistry 


Chemical compounds: structure stud- 
ies 

Crystal structure factors 

Distillation processes: determination 
of starting times, etc. 

Equilibrium equations: studies 

Flash vapor calculations 

Gas line calculation 

Hydrocarbons: structure analysis 

Ton exchange column: performance 
appraisal 

Mass spectrometer analysis 

Organic compounds: classification 

Organic compounds: file searching 

Permeability, relative: computations 

Process control 

Process simulation 

Reaction analysis 

Spectrum analysis 


4. Civil Engineering 


Abutment design 

Adjustment of level net 

Area calculation by coordinates and 
by other methods 

Azimuth determination from sun ob- 
servation 

Beam design 

Bridge design 

Concrete design, prestressed and re- 
inforced 

Construction tie computation 

Curve, arc, line computations and in- 
tersections 

Cut and fill calculations 

Cylindrical shell analysis 

Dam design 

Distance, station and offset, to a point 


Earthwork computations 

Embankment stability design 

Freeway assignment 

Freezing and thawing of soils 

Grade sheet processing 

Highway profiles 

Monthly equipment summary 

Pavement design 

Photogrammetric data reduction 

Pier design 

Pile load computation 

Pipe design 

Pressure distribution in layered media 

Ramp and interchange design and 
calculations 

Retaining wall design 

Roadway elevations 

Route optimization 

Slab volumes and other calculations 

Soil test analysis 

Steel column design 

Stress analysis 

Three-point problem solutions 

Traffic density: pictorial simulation 

Traffic simulation 

Transformation of coordinates 

Traverse adjustment 

Traverse closure 

Triangulation 

Vertical alignment 


5. Electrical Engineering 


Antenna design 

Cathode tube design 

Circuit analysis and design 

Component design 

Electromagnetic wave propagation in 
various media 

Feedback system, single loop, finding 
the root locus 

Filter analysis 

Generator calculations 

Logical networks; design 

Motor calculations 

Radar echoes 

Radio interference 
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Compartment ventilation calculations — 


Systems evaluation 

Transformer design 

Transient performance 
Traveling-wave-tube calculations 
Triode design 


6. Hydraulic Engineering 


Backwater profiles 

Compressible and incompressible 
flow analysis 

Culverts: analysis, geometry 

Drainage systems design 

Flood and flow forecasting 

Flood control calculations 

Flood frequency analysis 

Flood routing 

Flow in open channels 

Ground water: flow of 

Hydraulic circuits and components: 
design 

Hydraulic network analysis 

Hydroelectric dam design 

Multi-purpose water-reservoir system 
management 

Pipe stresses 

Reservoir aggradation 

Reservoir area computations 

Sewer design 

Shock-wave effect analysis 

Surge-tank analysis 

Turbine speed regulation 

Unit hydrographs: determination 

Water hammer analysis 

Wave motion analysis 

Wind-wave analysis 


7. Linguistics 


Concordances: construction 

Syntax pattern analysis 

Translation from one language to an- 
other 

Word frequency analysis 


8. Marine Engineering 


Compartment pressures in emergency 
situations 


Force analysis of space structures 
Form calculations 
Fuel rate analysis 


Gyroscopic-compasses sea-test: data — 


reduction 
Hydrostatic functions 
Large ship maneuvering 


Plate and angle combinations: calcu- ; 


lations 
Ship displacement calculations 


Ship models: extrapolation of obser- : 


vations 
Ship waterline characteristics 
Shock isolator calculations 
Submarine hulls: Bon Jean colcalall 
tions 


Turbine reduction gear systems: vie ; 


bration analysis 
Ullage tables 


9. Mathematics 


Boolean algebra calculations 
Calculus of variations 

Constants, important: evaluation 
Convolution 

Coordinate rotation and translation 
Curve fitting 

Determinant evaluation 

Difference equations solution 
Differential equations solution 
Differentiating symbolically 


Eigenvalues and eigenvectors: calcu- 


lations 
Fourier analysis and synthesis 
Function tables: computation 
Integral equations 
Integration of functions 
Lagrange interpolation 


Least squares fit to inconsistent equa- — 


tions 
Matrix inversion 
Matrix multiplication 
Maximum likelihood functions 


Multi-dimensional partial differentials 


Multiple integrals 


Numerical base conversion 
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Partial differential equations 

Polynomial roots 

Simulation of mathematical equations 
and solutions 

Simultaneous linear equations 

Simultaneous non-linear equations 

Simultaneous ordinary differential 
equations 

Stochastic difference equations 

Table computation (evaluation of 
functions ) 


10. Mechanical Engineering 


Air conditioning calculations 

Arch analysis and design 

Building frames for reinforced con- 
crete construction: Hardy Cross 
analysis 

Cam design 

Casing design 

Combustion computations 

Composite stringers design 

Compressors: horse power calcula- 
tions 

Conveyor geometry 

Crankshaft vibration analysis 

Engine and piston computations 

Flange cross sections, table of prop- 
erties 

Foundation settling: effects 

Heat flow 

Heat loss of rooms and buildings 

Machine vibration analysis 

Moments of inertia 

Orifice factors: computations 

Pipe-stress analysis 

Piping systems, flexibility analysis 

Pressure vessel computations 

Propeller pitch correction 

Reinforced concrete: bending, stress, 
ete. 

Rigid body vibrations: analysis 

Rigid frames: moment distribution 
analysis 

Shell analysis: stress distribution 

Temperature stresses 

Torsional systems, bearing loads, and 


engine forces: Holzer analysis 
Truss analysis: stress and deflections 
Vehicle checkout calculations 
Vibration analysis 


11. Medicine 


Anesthesia control 

Diagnosis of disease 

Heartbeat analysis 

Medical tests: analysis 

Motor system coordination testing 
Psychological tests: analysis 


12. Metallurgy 


Alloy calculations 
Crystal structure computations 


13. Meteorology 
Weather forecasting 


14. Military Engineering 


Ballistic trajectories 

Bomb impact analysis 

Bombing tables 

City evacuation studies 

Fire control 

Firing tables 

Missiles: launching, directing, inter- 
cepting, and recovery: calculations 

Pursuit and combat: analysis, control 

Radar defense systems: analysis, cal- 
culations 

Rocket trajectories 

Strategy analysis and optimization 

Trajectory calculations 

Weapon control 

Weapons systems analysis and evalua- 
tion 


15. Naval Engineering 
(see also Marine Engineering ) 


Cavitation studies 

Component attrition rate analysis 
Decompression tables 

Submerged flow: potential patterns 
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16. Nuclear Engineering 


Engines: tests, data, control 

Multigroup criticality calculations 

Neutron diffraction 

Neutron flux distribution 

Power plant monitoring 

Radioactive fallout: analysis, predic- 
tion 

Radioactive level calculations 

Reactor design and evaluation 

Reactor simulators 


17. Photography 


Color separation negatives: scanner 
for automatic production 


18, Physics 


Color analysis 

Cosmic radiation: statistical analysis 

Crystallography analysis 

Electron distributions 

Electron trajectories 

Interatomic bond lengths and angles 

Lens coating calculations 

Neutron transport 

Optical ray tracing and optical system 
desi 


Shock waves analysis 


Thermodynamic equations 


19. Statistics 


Bernoulli probability 

Beta function 

Binomial coefficient calculations 

Chi squared function calculations 

Complex error function and integral 

Correlation 

Covariance 

F-test 

Factor analysis 

Forecasting 

Gamma function 

Gaussian probability 

Hypergeometric probability 

Least-square-polynomial fitting 

Moments 

Moving averages 

Multiple regression 

Non-linear estimation 

Period search 

Poisson probability 

T-test I (sample mean vs. population 
mean ) 

T-test II (difference between two 
means ) 

Time series analysis and adjustment 

Variance: analysis 
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(Supplementing Chapter 8) 


CAN YOU TELL THE COMPUTER’S 
RESPONSES FROM THE PEOPLE'S 
RESPONSES? 


To fully understand this questionnaire, see Chapter 8, “Computer 
Conversation Compared with Human Conversation”. 


For each one of the twenty-five comments in the following question- 
naire, there are ten responses. One response was generated by a com- 
puter. The other nine responses were given by human beings. The ten 
responses for each comment were then scrambled; which one of the 
ten is the computer’s response is randomly different from set to set. 
After scrambling the responses, the questionnaire was assembled and 
presented to ten persons who acted as “judges” and who were asked 
to identify the computer’s responses, distinguishing them from those 
collected from the nine human beings. 

To try this questionnaire yourself, THE FIRST TIME that you read 
through this questionnaire, choose that one of the ten responses to 
each comment which you judge came from the computer. Record your 
choice for each of the twenty-five comments. Then compare your 
choices with the key on page 210. Note: It is not fair to compare the 
responses set by set, and apply smart reasoning! 


QUESTIONNAIRE 


Below are a series of comments | you very much for your cooperation 
made concerning the topic of the | in this conversation project. 
weather. Following each of these 


comments are a group of ten replies a ah 
to these comments. One of these re- rhe) sha atadladi terns 


plies was made by the IBM 704 Com- And these are the replies to the above 
puter at M.I.T. Would you indicate eoiadent: 


which of the replies came from the 1.1( ) Haven’t we had enough? 
computer in your estimation? Thank 1.2(  ) I don’t think so. 


This is the comment: 





204 


1.3( 
1.4( 





1.5( 


1.6( 


1.7( 


1.8( 
} 1.9( 
1.10( 


THE COMPUTER 


) I hope not. 

) Perhaps it will blow over 
and get sunny again. 

) Rain! Rain! Go away, and 
come back again some 
other day. 

) So what! Bribe a witch 
doctor! 

) If you think it will, then it 
won't! 

) No, the sky is falling in. 

) Possibly. 

) Well, if rain comes, I 
won't be the only one to 
complain. 


This is the comment: 
What did you think of all the snow 
we had last winter? 
And these are the replies to the above 
comment: 


; 2.1( 


2.2( 
2.3( 
2.4( 


2.5( 
2.6( 


2.7( 
2.8( 


2.9( 


2.10( 


) I don’t think we had 
much snow last winter. 

) Let’s forget it. 

) Well, it melted, didn’t it? 

) I am one who believes in 
the sun, and in the need 
for time to enjoy it. 

) Unexpressible. 

) I thought it was hilarious, 

) I didn’t think of it. 

) I did not mind it too 
much, 

) What kind of stupid ques- 
tion is that? 

) Hard to dig the car out. 


This is the comment: 
Would you mind if we had cloudy 
and windy weather now? 
And these are the replies to the above 
comment: 


3.1( 
3.2( 
3.3( 
3-4( 





) Natch! 

) Yes. 

) Yes, I certainly would. 
) I like windy weather. 


REVOLUTION 


35( ) No. 

3.6( ) I might mind, but I 
couldn’t prevent it. 

3-7( ) Rather not! 

3.8( ) I usually do not mind 
windy weather if it is not 
too persistent. 

3.9( ) Not after all this heat. 

3-10( ) Any kind of weather in 
this region is bad. 


This is the comment: 
You really can’t truthfully say you 
like hot weather? 
And these are the replies to the above 
comment: 
4.1( ) I do like to go swimming 
when it’s hot. 
4.2( ) Why should I be truthful? 
4.3( ) Do you want to bet? 
4.4( ) I don’t. Why, I can truth- 
fully say I don’t like hot 


weather. 
4.5() Why not? 
4.6( ) Yes. 
4.7( ) I agree. 


4.8( ) Neither do I, frankly. 
4.9( ) I do like it. 
4.10( ) No, I can’t. 


This is the comment: 
I prefer the wintry blizzards to this 
dreary season. 
And these are the replies to the above 
comment: 
5.1( ) It’s pretty difficult to 
get about in a blizzard, 


though. 

5.2( ) If I can curl up by the 
fire, 

5.3( ) So doll 

5.4( ) Not me. 

5.5( ) Anything is preferable to 
school. 


5.6(. ) Go north. 
5-7(  ) So do I really. 
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5.8( ) To tell the truth, I do not 
enjoy wintry blizzards as 
much as you seem to. 

5.9( ) Schmuck! 

5.10( ) I dor'tl 


This is the comment: 
There is no time I like less than a 
hot day in July. 
And these are the replies to the above 
comment: 
6.1( ) Not I, I love beach 
weather. 
6.2( ) You can say that again. I 
do not like a hot day in 
July any more than you 
do. 


6.3( ) Or August... . 

6.4( ) Well, I like hot July days. 

6.5( ) Yeal 

6.6( ) I don’t like any hot days. 

6.7(_) Or no person I like less 
than you. 

6.8( ) Then you must like July 
often, 

6.9( ) What do you like more? 

6.10(__) As long as it’s not humid. 


This is the comment: 

What kind of weather do you want 

this spring? 

And these are the replies to the above 
comment: 

7.1( ) I would like warm, sunny 
days, but what I want and 
what we're likely to get 
are quite different. 

7.2( ) Fair and cool. 

7:3( ) Warm, sunny days. 

7-4( ) In May I like nothing bet- 


ter than a full day of sun- 
shine and an evening 
shower. 

7.5( ) Hotl 

7:6( ) I hope it showers. 

7:7( ) Warm. 


7.8( ) Mild weather—the milder 


the better. 
7-9( ) Spring? I thought we just 
had spring. 
7.10( ) Warm. 
This is the comment: 
Look at that rain come down! 


And these are the replies to the above 
comment: 
8.1() If it doesn’t stop soon, we 
are apt to have flooding. 
8.2( ) Good for the grass! 
8.3( ) Thundershowers in June 


rain heavily, 
8.4( ) You look. I’m sickl 
8.5( ) Wheel 


8.6( ) Open your mouth. 
8.7( ) Who tells you to go out? 
8.8( ) Like a waterfall! 
8.9( ) Joy to the world, I could 
think of nothing better. 
8.10( ) We needed it. 


This is the comment: 
Some blizzard this is! 
And these are the replies to the above 
comment: 
9.1( ) I hope it won't last long, 
9.2( ) Let’s go south! 
9.3( ) The biggest in the last 
three years. 
9.4( ) You're not kidding. It is a 
terrible blizzard. 
9.5( ) Can’t even see your hand 
in front of you. 
9.6( ) Every time I have a final, 
9.7( ) Sol 
9.8( ) Notas bad as last year. 
9.9( ) Remember the St. Pat’s 
Day blizzard in 1958. 
g.10( ) What a disappointment. 


This is the comment: 

I have never seen it so hot! 
And these are the replies to the above 
comment: 


10.1( ) Oh, don’t be such a sissy. 
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10.2( ) You probably have, but 
don’t remember. 

10.3( ) I’m sure I say this sev- 
eral times a year. 

10.4( ) Nor have I. But it does 
not bother me. 

10.5( ) Good day for a tan. 

10.6( ) Because it’s my vacation. 

10.7(__-) Turn around. 

10.8( ) You haven’t been to Ma- 
drid lately, have you? 

10.9( ) Almost as bad as the Sa- 
hara on my last trip. 

10.10( ) You're exaggerating. 


This is the comment: 
Snow, ten inches deep, is my fa- 
vorite weather. 
And these are the replies to the above 
comment: 
11.1(_ ) You must be a ski en- 
thusiast. 
11.2( ) Not minel 
11.3( ) Yes, my favorite weather 
is certainly snow, indeed. 
But that is the way that 
I like it. 
11.4( ) It is not mine. 
11.5( ) Yee Gadsl 
11.6(__) Because it’s no school. 
11.7(_) Stay in it. 
11.8( ) You must live on the sec- 
ond floor. 
11.9( ) You don’t have to shovel 
it? 
11.10( ) You're crazy. 


This is the comment: 
I enjoy nothing more than rainy 
days in April. 
And these are the replies to the above 
comment: 
12.1( ) I can think of more 
pleasant things to enjoy. 
12.2( ) But not too many. 
12.3( ) Not really! 





12.4( ) You're crazy. 

12.5( ) April is the cruellest 
month, 

12.6( ) Neither did I. Every- 
thing about New Eng- 
land is so unpredictable. 

12.7(. ) Yes. In May and June 
too. 

12.8( ) You must be having a 
very comfortable time. 

12.9( ) Why April? 

12.10( ) It’s pleasant. 


This is the comment: 
I want this rain to stop immedi- 
ately. 
And these are the replies to the above 
comment: 
13.1( ) Im afraid it’s not up to 
you to control it. 
13.2( ) It would be nice to be 
able to turn it off. 
13.3( ) So do all small boys. 
13.4( ) Too bad! 
13.5( ) Because it’s drowning 
the bugs. 
13.6( ) That’s too bad. 
13.7( ) Don’t be too fussy in this 


part of the year. 
13.8( ) I am hoping for the rain 
to stop. 
13.9( ) Don’t say it! It will last 
forty more days. 
13.10( ) If Canute couldn’t do it, 
you certainly can’t. 
This is the comment: 
When do you think our first real 
hot day will come? 


And these are the replies to the above 
comment: 
14.1(_) It’s usually around Me- 
morial Day. 
14.2( ) Never, I hopel 
14.3( ) Not before June this 


year. 
14.4( ) August maybe. 
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16.8( ) In New England it never 
does 


14.5( ) After I die. 

14.6( ) I don’t know. 

14.7(_) All too soon for me. 

14.8( ) It’s hot enough for me 
right now. 

14.9( ) I don’t know. 

14.10( ) Well, I enjoy a hot day if 

it is not too persistent. 


This is the comment: 
Snow usually arrives when you 
least expect it. 
And these are the replies to the above 
comment: 
15.1( ) We should be prepared 
for it. 
15.2( ) I expect it from Decem- 
ber to March. 
15.3( ) I disagree—you can pre- 
dict snow often. 
15.4( ) Not so. It arrives when 
you don’t want it. 
15.5( ) Like death. 
15.6(  ) Good. 
15.7(__) All too often it does, 
15.8( ) Well, I never miss snow, 
so I am not disappointed. 
15.9( ) Yeah! Just when you 
take the snow tires off 
your car. 
15.10( ) Listen to the weather re- 


port, 


This is the comment: 
I think that this fair weather will 
not last. 
And these are the replies to the above 
comment: 
16.1(  ) Who can tell? 
16.2( ) What pessimism! 
16.3( ) I don’t think so either. 
16.4( ) It certainly looks that 
way, doesn’t it. 
16.5( ) I hope you are wrong. 
16.6( ) Who gives a damn? 
16.7(_ ) Who cares! 


16.9( 


16.10( 
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) Nol Well probably have 
a storm tomorrow, 
) I can’t tell. 


This is the comment: 
June is the warmest month, as all 
brides know. 

And these are the replies to the above 


comment: 


17.1( 
17.2( 


17.3( 


17.4( 
17.5( 


17.6( 
17.7( 


17.8( 
17.9( 


17.10( 


) Not necessarily. 

) Not because of the 
weather, though. 

) July and August are 
warmer. 

) Thanks for the advice. 

) April is the cruellest 
month. 

) I don’t like brides, 

) But the frost usually 
comes in August. 

) Oh boy! 

) Yes, June is certainly the 
warmest month indeed. 
But that is the way I 
like it. 

) They would! 


This is the comment: 
Skiing fans will certainly like to- 
day’s blizzard. 

And these are the replies to the above 


comment: 


18.1( 
18.2( 
18.3( 


18.4( 
18.5( 


18.6( 


18.7( 


) It’s not much fun for the 
nonskiers, 

) But, oh, my aching back. 

) Yes, they will. 

) I hate ski fans, 

) To tell the truth, I do 
not enjoy today’s bliz- 
zard as much as you 
seem to, 

) But it will spoil the base- 
ball game. 

) I don’t ski. 
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18.8( ) Yes, but not the gar- 
dener. 

18.9( ) I don’t know! It'll be a 
while before the roads 
are opened. 

18.10( ) You're right! 


This is the comment: 

April is not the month to be caught 

without an umbrella. 

And these are the replies to the above 
comment: 

19.1( ) It usually rains when I 
don’t carry my umbrella. 

1g.2( ) Vl take my chances. I 
surely don’t like um- 
brellas. 

19.3( ) I agree. 

19.4( ) All months in Boston are 
such that you don’t want 
to be caught without an 
umbrella. 

19.5( ) I really didn’t look 
closely enough to tell. 

19.6( ) April is the cruellest 
month. 

19.7( ) Or without clothes, 

19.8(  ) Yes, I was soaked to the 
skin yesterday. 

19.9( ) I’ve never used an um- 
brella. 

19.10( ) It rains so often! 


This is the comment: 
O boy, last night’s frost covers all 
the windows. 
And these are the replies to the above 
comment; 
20.1( ) I wonder what the tem- 
perature was last night. 
20.2( ) Too bad for the plants 
in the garden. 
20.3( ) Yes, it is pretty cold. 
20.4( ) Are you crazy? 
20.5( ) The frost is memory. 
20.6( ) Good for the orange 
crop. 


20.7( +) Now we won't be able to 
watch you shovel snow. 
20.8( ) It certainly looks that 
way, doesn’t it? 
20.9( ) Yeah, aren’t they pretty] 
20.10( ) I can’t see. 


This is the comment: 
It’s raining cats and dogs! 
And these are the replies to the above 
comment: 
21.1( ) That old cliché! 
21.2( ) I'll stay in and keep dry. 
21.3( >) It sure is. 
21.4( ) You can’t be outside for 
a second or you'll be 
drenched. 
21.5( ) And the puddles are 
barking. 
21.6( ) More experiments! 
21.7(_ ) You're not kidding. It is 
raining terribly. 
21.8( ) I don’t give a bark. 
21.9( ) I hope my cellar doesn't 
flood. 
21.10( .) Really! 


This is the comment: 
No one wants to see snow in Sep- 
tember, 
And these are the replies to the above 
comment: 
22.1( ) That would be unusual 
for this part of the coun- 


try. 

22.2( ) I should say not! 

22.3( ) Right! 

22.4( ) Don’t you think that 
snow must be good for 
somebody? 

22.5( ) That’s for surel 

22.6( ) Because snow is doubly 
symbolic. 

22.7( ) Or you for that matter. 

22.8( ) Only a skiing fan that is. 

22.9( ) Who says? 
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22.10( ) It’s welcome then. 


This is the comment: 

I want to go walking in the rain. 
And these are the replies to the above 
comment: 

23.1( ) Iam hoping for walking 
in the rain just as much 
as you. 

23.2( ) Everyone to his own 
taste! 

23.3( ) I might, but it would 
have to be mist rather 
than heavy rain. 

23.4( ) Often at college I went 
walking in the rain. 

23.5( ) You'll catch cold. 

23.6( ) It appeals to all five 
senses, 

23.7(. ) Go ahead! 

23.8( ) Why? Haven't you taken 
a shower lately? 

23.9( ) I’ve always enjoyed that, 
too. 

23.10( ) So long as it’s warm. 


This is the comment: 
Planes cannot fly well in snowy 
weather. 
And these are the replies to the above 
comment: 
24.1( ) They are usually 
grounded when it snows. 
24.2( ) I wouldn’t want to take 
a chance of flying in 
snow if they could. 
24.3( ) Well, I never miss planes 





so I am not disappointed. 

24.4( ) Not true. As soon as the 
snow is cleared off the 
airfields, the planes can 
fly again. 

24.5( ) They freeze up. 

24.6( ) Because they’re incon- 
gruous with nature. 

24.7( ) They should, 

24.8( ) Too bad; that’s the best 
time to fly on vacation. 

24.9( ) Take a bus! 

24.10( ) It’s dangerous! 


This is the comment: 

The snow is turning into rain. 

And these are the replies to the above 
comment: 

25.1( ) That is obvious, 

25.2(  ) Good, no shoveling. 

25.3( ) This will make driving 
very difficult. 

25.4( ) Goodl 

25.5(  ) Because the factories are 
lousing up the world. 

25.6( ) So whatl 

25.7( ) Joy to the world. I could 
think of nothing better. 

25.8( ) Boy, now we shall see 
slush aplenty. 

25.9( ) The whole business may 
freeze tonight making 
tomorrow’s driving fun. 

25.10( ) I shouldn’t have shov- 
eled out my car. 


That is all. Thank you again. 
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1.10 


SOLUTION: 
The following list identifies the computer’s responses: 


11.3 
12.6 
13.8 
14.10 
15.8 
16.4 
17.9 
18.5 
19.5 
20.8 


21.7 
22.4 
23.1 
24.4 
25.7 
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(Supplementing Chapter 10) 


THE COMMON EVERYDAY CONTEXT, 
AND CEMENT-WORDS 


Table 1 


THE COMMON EVERYDAY CONTEXT 


= 


Beings 

A. The Individual 
Body, actions, feelings, 
thoughts, judgments 


B. Society 
Family, community, gov- 


ernment, religion 


C. Equipment 
Food, clothes, shelter, 
tools, furniture, products, 
structures, makers 


II. Human Sciences 
Technology, business, eco- 
nomics, law, medicine, ed- 
ucation, war, psychology, 
etc. 


III. Natural Sciences, Nature 


A. Inorganic 
Astronomy, geology, geog- 
raphy, physics, chemistry, 
meteorology 


. Culture, Humanity, Human 


Nouns 






person, child, head, 
finger, pain, wish, 
idea 


die, live, do, see, run, 
touch, want, think, 
choose, remember, 
cry 


daughter, sister, 
committee, school, 
meeting, flag 


give, help, hide, be- 
lieve, meet, agree, 
own, control 


bread, house, floor, 
faucet, mechanic, 
laborer, dress, wax, 


sugar 


eat, wear, make, pro- 
duce, fit, repair 


debt, manager, mar- | sound, fight, pay, buy 
ket, money, cough, 


digestion, judge, tax 


hill, cloud, sun, burn, boil, blow, rain, 
river, wind, red, shine 
water 














i 
} 
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Nouns Verbs 
B. Organic 
Botany, zoology, biology | grass, root, cow, grow, mate 
bird, tail, blood 
IV. Abstract Sciences 
A. Language, communica- question, answer, write, read, ask, talk, 
tion, discussion word, book, name speak 








B. Science in General 





Time, motion, change, result, reason, cause, | wait, become, hap- 
causation day, year, time, pen, start, stop 
state, existence, 
chance, method 
C. Mathematics, space, number, measures, | equals, add 
shape geometry, order 
D. Logic relation, class, state- | be, have 


ment, element, qual- 
ity, difference, like- 


ness 


Table 2 


THE CEMENT-WORDS OF LANGUAGE, COMMUNICATION, 
AND DISCUSSION 


Basically: the words expressing the relations between persons and information 


1. Speakers speak, spoke 
I, me, my, mine, call 
we, us, our, ours talk 
2. Listeners Hare) 
you, your, yours 
5. Receiving Communication 


3. Persons or Things Spoken Of 
he, him, his, she, her, hers, 
they, them, their, theirs, 
whoP what? which? whom? 


en 
read 


6. Having Knowledge 


whose? how? why? know 

4. Transmitting Communication 96 
ask 7. Not Having Knowledge 
say, said don’t know 


tell, told don’t understand 
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8. Acquiring Knowledge 
find out discover 
learn invent 


g. Losing Knowledge 
forget 


don’t remember 


10. Referring to Knowledge 


remember 
recollect 
look up 

11. Manipulating Knowledge 
consider think about 
think find 
study thought 
knowledge realize 
opinion idea 


understanding — subject 
12. Putting Out Knowledge 


say _ reply 
write _ print 
tell pen 
inform _ pencil 
express 

13. Items or Production of Knowledge 
word story 
letter note 
term answer 
phrase question 
idea news 


statement speech 
page language 
message demand 


figure record 
paper report 
account _list 
history copy 
sentence problem 
map expression 


14. Places Where Knowledge Is 
Stored 


brain memory 
mind book 


15. References of Words 
name meaning 
mark mean 
sign _— sense 
signal 

16, Attitudes about Knowledge 
believe decide 
doubt opinion 
consider — guess 
suppose curious 
interesting why? 


17. Comparing Attitudes about 
Knowledge 


agree discuss 
argue _ explain 
assert explanation 
disagree claim 
declare 

18. Surprise, Expectation 
but, but then 


yet 
though, after all 
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finish course 10. General, Particular 
continue process particular simple 

Table 3 follow _step special complex 
go development general rule 
THE CEMENT-WORDS OF SCIENCE IN GENERAL come history example law 
will instance _ science 
1. Pent —* ime 8. Cause and Effect sample 
ears On wor! 2 subje ; reason because 11. Construction 
ores is difference surroundings , cause _ therefore composition part of 
gai a 6. Time effect purpose structure of 
age minute slow origin for organization construction 
dependent on moment — quick ig tat macy of 
connection pag a 9. Manner 12. Probability, Possibility 
o week eve in hia ao ar 
een perhaps ikely 
with vir ecw ew method common possible impossible 
2. Irrelevance afternoon now pass 8 pe gat peobeble may 
makes no difference to moming often natal! ‘oh 
has no relation to evening soon ; A to 
is unrelated to night still 
is irrelevant to date suddenly 
independent of present usually 
without future when 
t earl 
3. Existence - ieee Table 4 
exist 
today = new . THE CEMENT-WORDS OF 
begnes - jeledea,. ote MATHEMATICS 
fact stay fee or 1. Place, Position bottom 
event keep . a. Locations left 
real —_will a t right 
actual _ possible Ke 5 ee befor ah fro t 
summer on e, ahead of mn 
have pay ve till behind, beyond back 
istence winter while over, above center 
44 ay 6 appear sudden again puna Se underneath ve 
possi fast th 
suns snigh  teapossible ot om out of, outside of corner 
5. Entities 7. States, Events, Changes on end 
thing situation event end off middle 
act environment state make against, touching neighborhood 
person circumstances condition grow around, near, beside, next surrounding 
object observation change develop opposite to c. Directions 
idea matter begin stage between, among to, toward 
concept body start turn b. Regions from 


system material stop become top up 
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down 
along 
across 
through 
into 

out of 
onto 
forward 
backward 


sideways 


2. Shape, Form, Structure 


mot Nae minus, less diagram 
round, otrale 5. Indefinite Numbers and -th ae in “sixth”) » 
ennai Measurements divided b 8. Variation and Approximation 
tine few y by and large 
wee? several 7. Order on the average 
angle, fork, bend little first shows 
Pier much second roughly 
Speee ppecing many third approximately 
bos eiety some next range over 
ring, loop, oval, coil a handful of last depend on 
ac a lot of -th (as in “sixth”, meaning sixth vary with 
bump, bulge, knob, stick up, a number of in sequence) various 
ee a quantity of arrange 

suk a great deal of 
Psi -s (as in “cats”, meaning more 
a than one); also other endings 
hanging for the plural . Table 5 
hollow nak: wey 

fairly, rather, somewhat, partly THE CEMENT-WORDS OF LOGIC 


block, lump, chunk, solid 
surface 


3. Size, Magnitude 


big, great, large 

little, small 

size 

long, high, tall, deep, far, thick, 
fat, full, wide 

short, low, shallow, near, thin, 
empty, narrow 

length, height, depth, distance 


4. Comparison, Degree 


more 
most 
less 


least 

equal 

unequal 

enough 

-er (as in “taller”) 
-est (as in “tallest” ) 
great 

greatest 

than 

as much as 

as little as 

not so much as 


almost, nearly, very 
entirely, altogether, quite 


6. Definite Numbers 


one, a, an 
two, bi- 
three, tri-, thir- 
four, for- 
five, fif- 

six 

seven 

eight 

nine 

ten, -teen, -ty 
eleven 
twelve, dozen 





twenty, score 

hundred 

thousand 

billion 

zero, no, none, naught 
once 

twice 

half 

third 

quarter 

plus, and (not all meanings) 
times 


1. Reports on Statements, Truth 

Values 
yes 
true 
right 
no 
false 
not so 
wrong 
truth 
falsehood 


2. Connectives of Statements or 
Terms 
and 


pattern, map 
collect 

scatter 

one after another 
in order, in sequence 
one by one 

two by two 

even 

uneven 

together 

scattered 

hit or miss, spaced 


or 
not 

if. . . then 
if and only if 
only if 

or else 
and/or 


except 

unless 

with 

without 

in other words 
that is 

namely 
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provided 
suppose 
let 
assuming 
also 


together with 
neither . . . nor 
nor 

therefore 


3. Name, Meaning 
name 
label 
meaning 
idea 
be called 
be named 
stand for 
mean 
definition 


4. Assertion 
be 
is, are, am 
have, has 
do 
exist 
happen 
occur 


5. Properties, Classes, Abstractions 
kind 


sort 

type 

class 

example 

instance 

member 

-ment (as in “employment” ) 
-th (as in “width”) 
-dom (as in “freedom” ) 
-ness (as in “sweetness” ) 
-ty (as in “virility” ) 


6. Relation Connectives 
of 
to 
for 


7. Variables 


by 

with 

from 

in 

as to 

in regard to 

about 

covering 

in relation to 

-ee (as in “employee” ) 
-er (as in “employer” ) 
-or (as in “visitor” ) 4 


I, me 


— 


you 

he, she, it, they, them 

we, us 

such 

as 

which 

who 

this, these 

that, those 

do (as in “Do you... ?”, “I 
do.”) bS 

so (as in “T’ll do so.”) 

to (as in “I'd like to.”) y 

thing q 

body 4 1 

person 

one 

A, B,C... (as in “A buys 
a car, and sells it to B”) 

the former 

the latter ‘ 

John Doe, Richard Roe. . . a 


8. Operators on Variables 
all 


each é 
every 
both 
either 
any 
not all 


some 
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a, an excluded from 
oT outside of 
oe by 12. The Rest or Remainder 
pi and so forth 
not any and so on 
neither ete. 
he and the rest 
9. The Relation of Equal or 13. oe aga Properties and 
Basangi conflicting with 
equal to contradiction 
identical with comaianenk wits 
different from inconsistent with 
unequal to overlapping with 
cutheestien correlated with 
corresponding to 
10. The Relation of Like or Unlike matching with 
like pairing with 
unlike gaps, loopholes 
similar to incomplete 
dissimilar to complete 
symmetric with 
11. The Relation of Membership or assymetric to 
Inclusion essence of 
in gist of 
part of core of 
piece of kernel of 
bit of essentially 
subdivision of substantially 
included in basically 





APPENDIX 4 
(Supplementing Chapter 15) 


REPORT TO THE COUNCIL OF THE ASSOCIATION FOR COMPUTING MA- 
CHINERY BY THE COMMITTEE ON THE SOCIAL RESPONSIBILITIES OF COM- 
PUTER PEOPLE, PRESENTED DECEMBER 1958 


THE SOCIAL RESPONSIBILITIES 
OF COMPUTER PEOPLE 


(Note: The following report by the Committee on Social Responsibility of 
Computer People was presented to the Council of the Association for Com- 


puting Machinery at its meeting on December 4, 1958. The Council received — 


the report and tabled it for later consideration since there had been no op- 
portunity for members of the Council to read it before the Council meeting. 


The report of the Committee, of course, in no way commits or binds the © 


Council or the Association. The report was released for publication Jan- 
uary 7, 1959.) 


On June 11, 1958, at the meeting of the Council of the Association at 
Urbana, IIl., the President was authorized to appoint a committee to 
consider “the social responsibilities of computer people to advance 
socially desirable applications of computers and to help prevent socially 
undesirable applications.” A committee of four (the undersigned) was 
appointed, has held three meetings during the autumn of 1958, and 
hereby respectfully presents this report. 

The committee considered the meaning and scope of its assignment. 


=~. 


The committee arrived at a tentative statement and findings on the — 


social responsibilities of computer people, which are given in Sections 
1 and 2 below. The committee agreed that its assignment did not in- 
clude defining or recommending an official position to be taken by the 
Association for Computing Machinery. The committee did agree, how- 
ever, on recommending to the Council further action, which recom- 
mendation is stated in Section 3 below. 
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Section 1—Introduction 


One most basic fact concerning modern man is that he has his being 
in human society. In earlier times he was less dependent on others, 
and in turn the fortunes of the larger group were not so directly based 
on the contributions of the individual. But as man fashioned his social 
organization into ever higher and more complex forms, the relationship 
between the individual and society became closer and more interde- 
pendent. The individual no longer provides for any appreciable part 
of his own needs; he performs a small fraction of the total work re- 
quired in the production of goods and services. Through division of 
labor his role has become increasingly specialized. At the same time 
society has become dependent on the individual to perform his indis- 
pensable part in the highly organized system of partial contributions 
of many people. 

Along with the growth of mutual dependence, man’s power has in- 
creased a thousand-fold. Compare the ancient man with his bow and 
arrow to today’s pilot carrying atom bombs. Thus the individual has 
acquired power to affect drastic changes in the conditions of life of 
many people. 

There is a universal cause and effect relationship between man and 
society. All of us accept responsibilities for ourselves, and hence by the 
same principle we must assume social responsibilities—for in a profound 
sense the two cannot be separated. 

While every human being has social responsibilities, their nature and 
degree vary from individual to individual. A highly trained scientist 
in an influential position, for example, has responsibilities different from 
those of a fur trapper in the north woods. 

We must look at ourselves (computer people) as being in control of 
a tremendously powerful tool. It is necessary to understand the vital 
role that computers play in the affairs of men. We must comprehend 
something of their place in technological progress, in science and 
management, in automatic control and prediction. Computers are be- 


coming an essential part of the social organism itself, particularly its 


communication and control system. Since computers are inextricably 
tied to economy and culture, we must never lose sight of their im- 
portance to the welfare of our country and mankind. When one re- 
flects upon the great forces that we computer people are associated 
with, it is no longer difficult to grasp, and perhaps to accept, our 
heavier-than-average share of responsibility. 
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What might one do to discharge his computer-connected social re- 
sponsibilities? One positive thing would be to help develop socially 
desirable applications, such as those mentioned in Section 2 of this 
report. The solution of scientific problems relating to man’s welfare 
and happiness is a wide area for the application of computers. 


Section 2—Findings 


1. Basic Social Responsibilities. Each human being shares equally in 
a basic social responsibility—a duty towards society. This duty is in 
part enforced legally and in part assumed ethically. 


2. Special Social Responsibilities Depending upon the Individual’s 
Role and Functions in Society. In addition, a human being has a num- 
ber of special social responsibilities determined by his various roles and 
functions in society—his spheres of influence, knowledge, occupations, 
activities, etc. Each of these carries with it a value system whether 
esthetic or ethical, and the variety of these value systems may en- 
gender conflicts within the individual. Each individual must face and 
resolve these conflicts for himself. 


3. The Social Responsibilities of Computer People. Therefore, the 
individual involved in computer activities has, in addition to all his 
other social responsibilities, those placed upon him by his computer 
activities—responsibilities towards society and the parts of it: his profes- 
sion, his employer, his country, mankind as a whole, etc. 


a. He cannot rightly ignore these responsibilities. He should think 
about them. 

Example: It is wrong to give no thought to the subject of his 
responsibilities as a computer person. 

b. He cannot rightly delegate his responsibilities. Therefore, he 
should not accept without thinking standards of values and be- 
havior suggested to him. 

Example: It is wrong to accept orders of an employer without 
considering their morality. If he disagrees, he must either argue 
the point or resign or both. 

c. He cannot rightly neglect to think about how his special role 
as a computer person can benefit or harm society. Therefore, 
he should think about how his special capacities can help to 
advance socially desirable applications of computers and help 
to prevent socially undesirable applications. 

Example: It would be wrong for him to share in the applica- 
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tion of automatic computers to the extermination of millions of 
people. 

d. He cannot rightly avoid deciding between conflicting responsi- 
bilities. Therefore, he must think how to choose. 
Example: In a conflict between the value system “the advance- 
ment of pure knowledge” and the value system “science in the 
service of humanity,” it would be wrong for him to avoid mak- 
ing a decision. 


4. Socially Desirable and Socially Undesirable Applications. 


a. There are many applications of computers which are obviously 
socially desirable. 
Examples (all of these are currently being investigated on com- 
puters): analysis of causes and processes contributing to can- 
cer; analysis of mental and emotional illness; solution of 
metropolitan traffic problems; mechanical translation of lan- 
guages to aid in scientific understanding. 

b. There are also some applications of computers which are ob- 
viously socially undesirable. 
Example (one cited by Dr. W. J. Pickering, Head, Jet Propul- 
sion Laboratory, California Institute of Technology): “This 
is the prospect we face: the decision to destroy an enemy 
nation—and by inference our own—will be made by a radar set, 
a telephone circuit, an electronic computer. It will be arrived at 
without the aid of human intelligence. If a human observer 
cries ‘Stop, let me check the calculations,’ he is already too 
late, his launching site is destroyed, and the war is lost.” 

c. There are some, perhaps many, applications of computers 
which cannot be readily classified as socially desirable or so- 
cially undesirable. 


Section 3—Recommendations 


In view of the above statement, the Committee recommends that the 
Council of the Association for Computing Machinery take the following 
course of action: 


a. that the Council, if it sees fit, approve releasing and publishing 
of this report as the report of the Committee without binding 
or committing the Association; 

b. that the Council encourage the study and discussion in various 
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publication media of topics related to the social responsibilities _ 
of computer people; 
c. that the Council approve the establishment of forums on this — 
subject at meetings of the Association for Computing Ma- 
chinery; \ 
d. that the Council continue this committee on a stand-by basis. — 


Sau. Gorn, Chairman 
MeEtvin A. SHADER 
Arvip W. Jacopson 
Epmunp C. BERKELEY 


GLOSSARY 


ESSENTIAL SPECIAL TERMS IN COMPUTERS AND DATA PROCESSING 


The special terms of any subject are the key to understanding it; the 
special terms of the field of computers and data processing are, ac- 
cordingly, the key to the understanding of this field. 

Among the many special terms in any field of knowledge, there are 
two kinds: those that are essential, that convey the key ideas of the 
subject to a person interested in understanding it; and those that are 
helpful but not essential. An example of the first kind of term in the 
computer field is “binary notation”; it would be very hard to under- 
stand much of the field of computers without knowing the meaning of 
“binary notation”. An example of the second kind of term is “minimum 
latency programming”; for many purposes it is not necessary to know 
exactly what this term means, especially since one can guess (cor- 
rectly) that it means programming which has a certain minimum 
property. 

In the following short glossary, I have tried to choose the essential 
special terms for the field of computers and data processing, and to 
define them simply. In wording these definitions I have sought to ex- 
plain them in words that would be clear to a person new to the field. 


I. General Concepts : 


computer—1. A machine which is able to calculate or compute, that is, 
which will perform sequences of reasonable operations with informa- 
tion, mainly arithmetical and logical operations. 2. More generally, 
any device which can accept information, apply definite reasonable 
processes to the information, and supply the results of these proc- 
esses. 3. A human being who can perform these operations and 
processes, 

analog computer—A computer which calculates by using physical ana- 
logs of the variables. Note: Usually a one-to-one correspondence 
exists between (1) each numerical variable occurring in the prob- 
lem and its solution and (2) a varying physical measurement such 
as voltage or rotation in the analog computer. In other words, an 
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analog computer is a physical system in which the analysis or solu- 
tion of the problem is mirrored by the varying behavior of the physi- 
cal system. 

digital computer—A computer in which information is represented in 
discrete form and which calculates using numbers expressed in digits 
and yeses and noes expressed usually in 1’s and o’s, to represent all 
the variables that occur in a problem. 

data processor—A machine for handling information in a sequence of 
reasonable operations. 

cybernetics—1, The comparative study of the control and the internal 
communication of information-handling machines and the central 
nervous systems of animals and men, in order to understand better 
the functioning of brains and communication. 2. The study of the 
art of the pilot or steersman. 

feedback—The returning of a fraction of the output of a machine, 
system, or process to the input, to which the fraction is added or 
subtracted. If increase of input is associated with increase of output, 
subtracting the returned fraction (negative feedback) results in 
self-correction or control of the process, while adding it (positive 
feedback) results in a runaway or out-of-control process. 

negative feedback—The returning of a fraction of the output of a ma- 
chine, system, or process to the input from which the fraction is 
subtracted; if an increase of input is associated with an increase of 
output, but the increase of output produces a decrease of input, 
this results in self-correction or control of the machine, system, or 
process. For example, if an increase of caterpillars is associated with 
an increase of parasites destroying them, then the caterpillar-parasite 
populations display negative feedback. 

positive feedback—The returning of a fraction of the output of a ma- 
chine, system, or process to the input, to which the fraction is added; 
if an increase of input is associated with an increase of output, and 
the increase of output produces a still further increase of input, this 
results in a runaway or out-of-control process. For example, if an 
increase of rabbits results in a still further increase of rabbits, the 
population of rabbits displays a runaway or out-of-control process. 

automatic data processing (ADP)—The processing of information by: 
(1) obtaining input information in machine language as close to the 
point of origin as economically possible; (2) operating on the in- 
formation by automatic computer and other machines, without 
human intervention, as far as economically justified; and (3) produc- 
ing just the output information needed. For example, a department 
store would have attained automatic data processing if: (1) at the 
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time of each sale the details were entered mechanically into the 
system by a salesperson’s plate, a customer's plate, and a mer- 
chandise punched ticket; and (2) reports to management, bills to 
customers, reorders for low inventory, commissions to salesclerks, 
and other desired output reports were all computed and produced 
by the system without human intervention. 

integrated data processing (IDP)—1. Data processing organized and 
carried out in a completely planned and systematic way, without 
bottlenecks. 2. A group of data-processing procedures built around a 
common machine language, such as punched paper tape, in which 
there is a minimum of operations by human clerks, such as typing 
data to go into the system. 

language—1. A set or system of symbols used in a more or less uniform 
way by a number of people so that they may communicate with 
and understand one another. 2. Electronic Computers. A system 
consisting of a carefully defined set of characters, rules for com- 
bining them into larger units (words or expressions) , and specifically 
assigned meanings, used for representing and communicating in- 
formation or data among a group of people, machines, ete. 


II. Digital Computers 


input—Computers. 1. Information transferred from outside the com- 
puter, including secondary or external storage, into the internal stor- 
age of the computer. 2. The sections of the computer which accept 
information from outside the computer, for example, magnetic-tape 
readers or punch-card readers, 

output—Computers. 1. Information transferred from the internal stor- 
age of a computer to secondary or external storage, or to any device 
outside of the computer. 2. The device or devices which bring in- 
formation out of the computer. 

memory—Computers. 1. The units which store information in the form 
of the arrangement of hardware or equipment in one way or an- 
other. Same as “storage”. 2. Any device into which information can 
be introduced and then extracted at a later time. 

arithmetic unit—Digital Computers. The section of the hardware of a 
computer where arithmetical and logical operations are performed 
on information. 

control unit—Digital Computers. That portion of the hardware of an 
automatic digital computer which directs the sequence of operations, 
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interprets the coded instructions, and initiates the proper signals 
to the computer circuits to execute the instructions. 

address—Digital Computers. A label, name, number, or symbol identify- 
ing a register, a location, or a device where information is stored. 

access time—Digital Computers. 1. The time interval between the in- 
stant at which the arithmetic unit requires information from the 
storage or memory unit and the instant at which the information is 
delivered from storage to the arithmetic unit. 2. The time interval 
between the instant at which the arithmetic unit starts to send in- 
formation to the memory unit and the instant at which the storage 
of the information in the memory unit is completed, —In analog 
computers, the value at time t of each dependent variable repre- 
sented in the problem is usually immediately accessible when the 
value of the independent variable is at time ¢, and otherwise not ac- 
cessible. 

random access—Computers. Access to the memory or storage under 
conditions where the next register from which information is to be 
obtained is chosen at random, in other words, does not depend on 
the location of the previous register. For example, access to names 
in the telephone book is “random access”; the next name that any- 
one is going to look up in the book may be almost anywhere in the 
book with roughly equal probability. 

pulse—Circuits. In general, a sharp difference, usually over a relatively 
short period of time, between the normal level of some physical 
variable corresponding to the average level of a wave or waves and 
a high or low level of that physical variable corresponding to the 
crest or trough of the wave; often, a sharp voltage change. For 
example, if the voltage at a terminal changes from —10 to +20 volts 
and remains there for a period of 2 microseconds, one says that the 
terminal received a 30 volt 2 microsecond pulse. A positive pulse is 
characterized by a rise or increase from one value of the variable to 
a greater value, a finite duration of the greater value, and a decay 
or decrease from the greater value back to the original value. A 
negative pulse is the same except that the change is to a smaller 
value. 

channel—1. Digital Computers. A path along which information, par- 
ticularly a series of digits or characters or units of information, may 
flow or be stored. For example, in the machine known as a punch- 
card reproducer, information (in the form of punch cards) may flow 
in either one of two card channels which do not physically connect. 
2. Magnetic Tape or Magnetic Drums. A path parallel to the edge 
of the tape or drum along which information may be stored by means 
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of the presence or absence of polarized spots, singly or in sets. Ky 
Delay-Line Memory such as a Mercury Tank. A circular path for- 
ward through the delay-line memory and back through electrical 
circuits along which a pattern of pulses representing information 
may be stored. 


clock—Digital Computers. In a synchronous computer, the master cir- 


cuit which provides pulses at equal times which schedule the opera- 
tions of the computer, —In an asynchronous computer, there is no 
need for such a clock, since the closing or completion of one circuit 
initiates the operation of a subsequent circuit. 


transducer—A device which converts energy from one form to another. 


For example, a slab of quartz crystal embedded in mercury can 
change electrical energy to sound energy (and vice versa), as is 
done in sonic delay lines in certain computer memory systems. “Any 
device which enables the conversion of any physical, chemical, or 
biological phenomenon into an electrical, hydraulic, pneumatic, 
mechanical, optical or other signal for transmission, recording, meas- 
urement, analysis, actuation, output or control. Transducers have 
been referred to as pick-ups, sensing elements, primary elements, 
command devices, sensors, detectors, and probes. As examples, trans- 
ducers exist which convert pressure, temperature, acceleration, force, 
mass, time, distance, radiation and a multiplicity of other phenom- 
ena into electrical form. These signals are then readily fed to 
amplifiers, data processing systems, or output controllers. Many in- 
strumentation problems may be resolved into the choice of input 
and output transducers with an interconnecting information-process- 
ing link. Transducers extend, refine, supplement, or replace man’s 
senses in remote and hazardous locations where man unshielded 
cannot exist or survive, such as nuclear reactors and outer space.” 
(From the Instrument Society of America.) 


card—Computers. 1. A card of constant size and shape, adapted for 


being punched in a pattern which has meaning. The punched holes 
are sensed electrically by wire brushes, mechanically by metal fin- 
gers, or photoelectrically. Also called “punch card.” One of the 
standard punch cards (made by International Business Machines 
Corporation) is 7% inches long by 3% inches wide, by 0.007 
inches thick, and contains 80 columns in each of which any of 
12 positions may be punched. Another of the standard punch 
cards (made by Remington Rand Division of Sperry Rand) is of the 
same size, but contains go columns in each of which any one or 
more of 6 positions may be punched. 2. A thin board of plastic or 
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similar material for mounting small circuit parts connected by 
printed circuits; a printed-circuit board. 

magnetic tape—Tape made of paper, metal, or plastic, coated or im- 
pregnated with magnetic material, on which polarized spots repre- 
senting information may be stored. 


III. Programming 


information—1. A set of marks or an arrangement of hardware that has 
meaning or that designates one out of a finite number of alternatives. 
2. Any facts or data. 3. Any marks, characters, or signals which are 
put in, processed by, or put out by a computer. 

instruction—Computers. A machine word or a set of characters in ma- 
chine language which specifies that the computer take a certain 
action. More precisely, a set of characters which defines an opera- 
tion together with one or more addresses (or no address) and which, 
as a unit, causes the computer to operate accordingly on the indi- 
cated quantities. Note: The term “instruction” is preferred by many 
to the terms “command” and “order”; “command” may be reserved 
for electronic signals; “order” may be reserved for uses in the mean- 
ing “sequence”, as in “the order of the characters.” 

code (noun)—Computers. A system of symbols for representing in- 
formation in a computer and the rules for associating them. 

program (noun)—Computers. 1. A precise sequence of coded instruc- 
tions for a digital computer to solve a problem. 2. A plan for the 
solution of a problem. A complete program includes plans for 
the transcription of data, coding for the computer, and plans for the 
effective use of the results. 

transfer instruction—Digital-Computer Programming. An instruction or 
signal which conditionally or unconditionally specifies the location 
of the next instruction and directs the computer to that instruction. 

pseudo-code—Digital-Computer Programming. An arbitrary code, in- 
dependent of the hardware of a computer, which has the same 
general form as actual computer code, but which must be translated 
into actual computer code if it is to direct the computer. 

automatic programming—Digital-Computer Programming. Any method 
or technique whereby the computer itself is used to transform or 
translate programming from a language or form that is easy for a 
human being to produce into a form that is efficient for the com- 
puter to carry out. Examples of automatic programming are com- 
piling routines, interpretive routines, etc. 
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compiler—Digital-Computer Programming. A program-making routine, 
which produces a specific program for a particular problem by the 
following process: (1) determining the instructions intended in an 
item of information expressed in pseudo-code (an arbitrary code, 
independent of the hardware of the computer, which directs the 
computer to string together specified computer codes); (2) selecting 
or generating (i.e., calculating from parameters and skeleton in- 
structions) the required subroutine; (3) transforming the subroutine 
into specific coding for the specific problem, assigning specific 
memory registers, etc., and entering it as an element of the problem 
program; (4) maintaining a record of the subroutines used and their 
position in the problem program; and (5) continuing to the next 
element of information in pseudo-code. 

plugboard—1. A removable board holding many hundreds of electric 
terminals, into which short connecting wire cords may be plugged 
in patterns varying for different programs for the machine. To 
change the program, one wired-up plugboard is removed and an- 
other wired-up plugboard is inserted. A plugboard is equivalent to 
a program tape which presents all instructions to the machine at one 
time. It relies on certain signals in the punch cards passing through 
the machine to cause different selections of instructions in different 
cases. 2. A similar board which may be used to guide or edit the 
handling of information in a computer or its output. 


IV. Operation 


check digit (s)—One or more digits carried along with a machine word 
(ie., a unit item of information handled by the machine), which 
report information about the other digits in the word in such fashion 
that if a single error occurs (excluding two compensating errors), 
the check will fail and give rise to an error alarm signal. For ex- 
ample, the check digit may be o if the sum of other digits in the 
word is odd, and the check digit may be 1 if the sum of other digits 
in the word is even. It is possible to choose check digits for rows 
and columns in a block of characters recorded on magnetic tape, for 
example, in such a way that any single error of a 1 for a o ora o for 
a 1, can be located automatically by row and column, and elimi- 
nated automatically by the computer. 

automatic checking—Computers. Provision, constructed in hardware, 
for automatically verifying the information transmitted, manipulated, 
or stored by any device or unit of the computer. Automatic check- 
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ing is “complete” when every process in the machine is automatically 
checked; otherwise it is partial. The term “extent of automatic check- 
ing” means (1) the relative proportion of machine processes which 
are checked, or (2) the relative proportion of machine hardware 
devoted to checking. 

computing efficiency—Computer Operation. The ratio obtained by di- 
viding (1) the total number of hours of correct machine operation 
(including time when the program is incorrect through human mis- 
takes) by (2) the total number of hours of scheduled computer 
operation including time when the machine is undergoing preventive 
maintenance. 


V. Representation of Information 


digit—1. One of the symbols 0, 1, 2, 3, 4, 5, 6, 7, 8, 9, used in number- 
ing in the scale of ten. 2. One of these symbols and sometimes also 
letters expressing integral values ranging from o to n-1 inclusive, 
used in a scale of numbering to the base n. 

character—Digital Computers. 1. A decimal digit 0 to g, or a letter 
A to Z, either capital or lower case, or a punctuation symbol, or any 
other single symbol (such as appear on the keys of a typewriter) 
which a machine may take in, store, or put out. 2. One of a set of 
basic or elementary unit symbols which, singly or in sequences of 
two or more, may express information and which a computer may 
accept. 3. A representation of such a symbol in a pattern of ones and 
zeros representing a pattern of positive and negative pulses or states. 
notation (in the sense “scale of notation” or “positional notation” for 
numbers) —Arithmetic. A systematic method for stating quantities 
in which any number is represented by a sum of coefficients times 
multiples of the successive powers of a chosen base number n (some- 
times more than one). If a quantity is written in the scale of nota- 
tion n, then the successive positions of the digits report the powers 
of n. Thus 379 in the scale of 10 or decimal notation means 3 hun- 
dreds, 7 tens, and 9. The number 379 in the scale of 16 (used in 
some computers) means 3 times sixteen squared, plus 7 times six- 
teen, plus g (which in decimal notation would be 889). 1101 in the 
scale of two means 1 eight, 1 four, o twos and 1 one (which in 
decimal notation would be 13). In writing numbers, the base may 
be indicated by a subscript (expressed always in decimal notation) 
when there may be doubt about what base is employed. For ex- 
ample, 11.1012 means two, plus one, plus one half, plus one-eighth, 








GLOSSARY 233 


but 11.1013 means three plus one, plus one-third, plus one twenty- 
seventh. Names of scales of notation which have had some significant 
consideration are: 


Base Name 

2 binary 
3 ternary 
4 quaternary, tetral 
5  quinary 
8 octal 

10 decimal 

12 duodecimal 


16 hexadecimal, sexidecimal 
32 duotricenary 
2,5 biquinary 


The digits used for “ten” and “eleven” are ordinarily “t” and “e”: 
beyond eleven, uniformity of nomenclature has apparently not yet 
developed. 


binary notation—The writing of numbers in the scale of two. Positional 


notation for numbers using the base 2. The first dozen numbers zero 
to eleven are written in binary notation as 0, 1, 10, 11, 100, 101, 
110, 111, 1000, 1001, 1010, 1011. The positions of the digits des- 
ignate powers of two; thus 1010 means 1 times two cubed or eight, 
o times two squared or four, 1 times two to the first power or two, 
and o times two to the zero power or one; this is equal to one eight 
plus no four’s plus one two plus no ones, which is ten. 


coded decimal (adjective)—Computers. A form of notation by which 


each decimal digit separately is converted into a pattern of binary 
ones and zeros. For example, in the “8-4-2-1” coded decimal nota- 
tion, the number twelve is represented as 0001 0010 (for 1, 2) 
whereas in pure binary notation it is represented as 1100. Other 
coded decimal notations are known as: “5-4-2-1,” “excess three,” 
“2-4-2-1,” etc. Following are the codes for the decimal digits 0 to 9 
in each of the mentioned systems: 


Decimal 8-4-2-1 5-4-2-1 Excess three 2-4-2-1 


Oo 0000 0000 oo1l 0000 
1 ooo1 ooo1 0100 oool1 
2 0010 0010 0101 0010 
3 oo1il oo1l 0110 ooll 
4 0100 0100 o111 0100 
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Decimal 8-4-2-1 5-4-2-1 Excess three 2-4-2-1 
5 0101 1000 1000 1011 
6 0110 1001 1001 1100 
7 0111 1010 1010 1101 
8 1000 1011 1011 1110 
9 1001 1100 1100 1111 


biquinary notation—Numbers. A scale of notation in which the base is 
alternately 2 and 5. For example, the number 3671 in decimal no- 
tation is 0g 11 12 01 in biquinary notation; the first of each pair 
of digits counts o or 1 units of five, and the second counts 0, 1, 2, 3, 
or 4 units. Roman numerals are essentially a biquinary notation, 
except that different letters are used in each place, V and I in the 
first place, X and L in the second place, C and D in the third, etc.; 
for example, the biquinary number 03 11 12 01 is, in Roman 
numerals, MMMDCLXXI. Biquinary notation expresses the repre- 
sentation of numbers by the ancient counting frame or abacus, and 
by the two hands and five fingers of man: and has been used in 
some automatic computers. 

binary digit—A digit in the binary scale of notation. This digit may be 
only o (zero) or 1 (one). It is equivalent to an “on” condition or 
an “off” condition, a “yes” or a “no”, etc. 

bit—A binary digit; a smallest unit of information; a “yes” or a “no”; a 
single pulse in a group of pulses; a single magnetically polarized 
spot in a group of such spots; etc. This word is derived from the “b” 
in “binary” and the “it” in “digit”; the word replaces the obsolete 
blend word “bigit”, and takes on added meaning from the word “bit” 
meaning “small piece”. 

machine language—Computers. 1. Information in the physical form 
which a computer can handle. For example, punched paper tape is 
machine language, while printed characters on paper are not usually 
machine language. 2. Numbers or instructions expressed in a form 
that a computer can process at once without conversion, transla- 
tion, or programmed interpretation. Note that a punched card con- 
taining an instruction in punched holes that requires programmed 
interpretation is “in machine language” by the first meaning and is 
“not in machine language” by the second meaning. 

machine word—Digital Computers. A unit of information of a standard 
number of characters, which a machine regularly handles in each 
transfer. For example, a machine may regularly handle numbers or 
instructions in units of 36 binary digits: this is then the “machine 
word”, 
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VI. Mathematics and Logic 


fixed-point calculation—Computers. Calculation using or assuming a 
fixed or constant location of the decimal point or the binary point in 
each number. 

floating-point calculation—Computers. Calculation taking into account 
varying location of the decimal point (if base 10) or binary point 
(if base 2), and consisting of writing each number by specifying 
separately its sign, its coefficient, and its exponent affecting the 
base. For example, in floating-point calculation, the decimal number 
— 638,020,000 might be reported as —, 6.3802, 8, since it is equal to 
—6.3802 xX 10%. 

complement—1. Arithmetic. A quantity which is derived from a given 
quantity, expressed in notation to the base n, by one of the following 
rules. (2) Complement on n: subtract each digit of the given quan- 
tity from n-1, add unity to the rightmost digit not zero, and perform 
all resultant carries. For example, the twos complement of binary 
11010 is 00110; the twos complement of binary 0001 1010 is 1110 
0110; the tens complement of decimal 679 is 321; the tens com- 
plement of decimal 000679 is 999321. (b) Complement on n-1: 
subtract each digit of the given quantity from n-1. For example, 
the ones complement of binary 11010 is 00101; the ones comple- 
ment of binary 00011010 is 11100101; the nines complement of 
decimal 679 is 320; the nines complement of decimal 000679 is 
999320. The complement is frequently employed in computers to 
represent the negative of the given quantity. 2. Boolean Algebra. 
The element equal to the universe element except the stated ele- 
ment; the result of the operation NOT. . . or ALL EXCEPT... . 
The complement of a Boolean element a is NOT-a, or a’, or ~a. 

parameter—1. Mathematics. A constant or variable which enters fun- 
damentally into a mathematical function and which has the property 
that its different values produce different functions. For example, 
the function y = ax + b has two parameters, a and b; when a 
and D are constant, y = ax + b represents a line, but the choice of 
values of a and b determines the angles and distances at which the 
line cuts the coordinate axes. 2. Digital-Computer Programming. In 
a subprogram, a quantity which may be given different values when 
the subprogram is used in different parts of one main program, but 
which usually remains unchanged throughout any one such use. For 
example, a parameter may specify the number of characters in an 
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item, the position of the decimal point, the number of columns in a 
field, the number of times a certain cycle of operations is to be re- 
peated, etc. To use a subprogram routine successfully in many dif- 
ferent programs requires that the subprogram be adaptable by 
changing its parameters. 

Boolean algebra—An algebra like ordinary algebra but dealing instead 
with classes, propositions, on-off circuit elements, etc., associated 
by operators AND, OR NOT, EXCEPT, IF . . . THEN, etc., and 
permitting computations and demonstration, as in any mathematical 
system, making use of symbols efficient in calculation. This algebra 
was named after George Boole, famous English mathematician 
(1815-1864), and is the first algebra met with in studying logic. 

AND-1. Logic (and Boolean algebra). A logical (or Boolean algebra) 
operator which has the property that if P and Q are two statements, 
then the statement “P AND Q” is true or false precisely according 
to the following table of possible combinations: 


P Q P AND Q 
false false false 
false true false 
true false false 
true true true 





The AND operator is often represented by a centered dot (+), or by 
no sign, as in P-Q (read “P dot Q”), PQ (read “PQ”). 2. Circuits. A 
connection between two circuits A and B or two circuit elements A 
and B which passes a signal if and only if both A and B contain 
the signal. 

inclusive OR—Logic (and Boolean algebra). A logical operator which 
has the property that if P and Q are two statements, then the state- 
ment P OR Q is true if and only if P is true or if Q is true or if both 
P and Q are true. The inclusive OR operator is often represented 
by a Gothic v (V), as in PvQ (read “P vee Q”). 

NOT —Logic (and Boolean algebra). A logical operator that has the 
property that if P is a statement, then the statement “NOT-P” (“it 
is not the case that P”) is true if the statement P is false, and false if 
the statement P is true. The NOT operator is often represented as 
follows: P’ (read “P prime”), P (read “P dash”), or ~P (read 
“tilde P”). 

exclusive OR—Logic (and Boolean algebra). A logical operator that 
has the property that if P and Q are two statements, then the state- 
ment P OR ELSE Q is true precisely according to the following 

table of possible combinations: 
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P Q P OR ELSE Q 
false false false 
false true true 
true false true 
true true false 


The exclusive OR operator, the OR ELSE operator, has the prop- 
erty: P OR ELSE Q is equivalent to P AND NOT Q, OR Q AND 
NOT P, and accordingly may be written in symbols P-Q’ y P’-Q. 
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With the increasing interest in computers, a great many books have 
been published in this field. Accordingly, it is not easy to select a “best 
possible” further introduction to computers; but the following books 
may well be useful in proceeding further into the field of computers 
and their applications and implications. 


Alt, Franz L. / Electronic Digital Computers: Their Use in Science 
and Engineering / Academic Press Inc., 111 Fifth Ave., New 
York 3, N.Y. / 1958, printed, 336 pp. 


This book discusses the design and operating principles of computers. The 
author was formerly editor of the “Journal of the Association for Comput- 
ing Machinery”. The book’s five parts are: “Introduction”, including a 
discussion of machines; “Automatic Digital Computers”, including func- 
tions, components, memory, and input-output; “Coding and Program- 
ming”; “Problem Analysis”; and “Matching Problems and Machines”, 
including examples of problems in science and business. Index. 


Alt, Franz L., Editor / Advances in Computers, Vol. I / Academic 
Press, 111 Fifth Ave., New York 3, N.Y. / 1960, printed, 326 pp. 


Six papers on new applications of computers and advances in their design 
are here presented. The first paper is “General-Purpose Programming for 
Business Applications”. Its author is Dr. Calvin C. Gotlieb, Director, 
Univ. of Toronto Computation Center. The other papers are: “Numerical 
Weather Prediction”, by Norman A. Phillips, M.LT.; “The Present Status 
of Automatic Translation of Languages”, by Yehoshua Bar-Hillel, Hebrew 
Univ., Israel; “Programming Computers to Play Games”, by Arthur L. 
Samuel, International Business Machines Corp. Research Labs.; “Machine 
Recognition of Spoken Words”, by Richard Fatehchand, Birkbeck College 
Computational Lab., London, England; and “Binary Arithmetic”, by 
George W. Reitwiesner, Ballistic Research Labs., Aberdeen Proving 
Ground, Md. Each paper includes references. Indexes. 


Ashby, W. Ross / Design for a Brain, 2nd Edition / John Wiley & Sons, 
Inc., 440 Fourth Ave., New York 16, N.Y. / 1960, printed, 286 pp. 


What is the origin of the human nervous system’s ability to produce 
adaptive behavior? This is the main question examined in this book. The 
author assumes as a hypothesis that the nervous system behaves adaptively 
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and that it is essentially mechanistic. He then seeks to deduce what sort 
of mechanism it is and why it behaves differently from any machine made 
by man so far. Eighteen chapters include: “The Problem”, “The Organism 
as Machine”, “Ultrastability in the Organism”, “Repetitive Stimuli and 
Habituation”, and “Amplifying Adaptation”. References and index. 


Berkeley, Edmund C. / Giant Brains or Machines That Think / John 


Wiley & Sons, Inc., 440 Fourth Ave., New York 16, N.Y. / 1949, 
printed, 286 pp. 


The automatic computer or mechanical brain, a machine that calculates, 
makes decisions, and chooses between different programs according to 
instructions, is described and explained. Several early computers are de- 
scribed in detail. The book’s twelve chapters include: “Can Machines 
Think?”, “Languages”, “Reliability-No Wrong Results”, “The Future”, 
and “Social Control”. Index. 


Berkeley, Edmund C., and Wainwright, Lawrence / Computers: Their 


Operation and Applications / Reinhold Publg. Corp., 430 Park 
Ave., New York 22, N.Y. / 1956, printed, 376 pp. 


Developments in the techniques and equipment of automatic computing 
are described and illustrated. The basic elements of digital, analog, and 
special purpose data processing systems and their reliability, limitations, 
and maintenance are discussed. The book’s first seven sections are: “Ma- 
chines That Handle Information”; “Automatic Digital Computing Ma- 
chines”; “Automatic Analog Computing Machines”; “Other Types of 
Automatic Computing Machines”; “Miniature Computers and Their Use in 
Training”; “Some Large-Scale Automatic Digital Computers”; and “Ap- 
plications of Automatic Computing Machines”. The final section includes: 
references, a roster of manufacturers of computing machines, a list of 
computing services, and a glossary of terms and expressions. Index. 


Berkeley, Edmund C. / Symbolic Logic and Intelligent Machines / 


Reinhold Publg. Corp., 430 Park Ave., New York 22, N.Y. / 1959, 
printed, 209 pp. 


The principles, methods, and applications of symbolic logic in general 
and of Boolean algebra in detail are explained. First, the fundamentals 
are discussed; then the main ideas and terms are explained. The design 
and principles of both small and large information-handling machines are 
explained. The final chapter of the book’s fifteen chapters is entitled “Sym- 
bolic Logic and the Programming of Automatic Computers”. Selected 
bibliography and index. 
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Chapin, Ned / An Introduction to Automatic Computers: A Systems 
Approach for Business / D. Van Nostrand Co., Inc., 120 Alexan- 
der St., Princeton, N.J. / 1955, printed, 525 pp. 


This book provides information for the businessman and systems engineer 
who wants to understand how computers can be applied profitably. The 
author is'a Systems Analyst at Stanford Research Institute; he introduces 
the subject by describing “What Is an Automatic Computer?”, and “Busi- 
ness Information Handling”. Seventeen chapters include “Preparation of 
Computer Applications”, “Computer Justification”, “Computer Funda- 
mentals”, “Control Unit and Computer Programming”, and “General 
Topics”. Five appendices include a glossary, a condensed list of punched 
card equipment, and a table of number systems. Index. 


Leeds, Herbert D., and Gerald M. Weinberg / Computer Program- 
ming Fundamentals / McGraw-Hill Book Co., Inc., 330 West 
42 St., New York 36, N.Y. / 1961, printed, 368 pp. 


This book on programming for digital computers is written for students 
with little or no formal training or technical background. Although gen- 
eral techniques are discussed, programming for the IBM 7090 system is 
described in particular. The eleven chapters include: “What Is a Com- 
puter?”, “Flow Diagramming”, “Classification of Instructions”, “Subrou- 
tines”, “Program Testing”, and “Production”. Lists of 7090 instructions 
and SOS (Share Operating System) pseudo-operations used in the text, 
and an index, are included. 


Martin, E. W., Jr. / Electronic Data Processing: An Introduction / 
Richard D. Irwin, Inc., Homewood, Ill. / 1961, printed, 423 pp. 


The application of computers to management control is discussed. The 
author is Assoc. Prof. of Business Administration at Indiana Univ.; he 
explains the fundamentals of computer technology and discusses what 
large systems can and cannot do. The seventeen chapters include: “The 
Impact of the Electronic Computer”, “Fundamentals of Data Processing”, 
“Development of a Computer Processing System”, “Systems Analysis and 
Design”, and “Management Responsibility toward Information Tech- 


nology”. Index. 


Phister, Montgomery, Jr. / Logical Design of Digital Computers / John 
Wiley & Sons, Inc., 440 Fourth Ave., New York 16, N.Y. / 1958, 
printed, 408 pp. 


Circuit and hardware design techniques and their application to digital 
computing systems are discussed. The author is Director of Engineering 
at Thompson-Ramo-Wooldridge Products, Inc. The chapters include: 
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“Circuit Components and Binary Numbers”; “Boolean Algebra’ 3 “The 
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Simplification of Boolean Functions”; “Digital Computer Memories”; “The 
Arithmetic Unit”; “Error-Free Computer Operations”; “The Control Unit; 
Completing Computer Design”. Index. 


Richards, R. K. / Digital Computer Components and Circuits / D. Van 


Nostrand Co., Inc., 120 Alexander St., Princeton, N.J. / 1957, 
printed, 511 pp. 


This book describes basic engineering approaches to the design of digital 
computers and components. The author aims the text at engineers fa- 
miiliar with electrical and electronic fundamentals. The eleven chapters 
are: “History and Introduction”, “Diode Switching Circuits”, “Vacuum 
Tube Systems of Circuit Logic”, “Transistor Systems of Circuit Logic”, 
“Magnetic Core Systems of Circuit Logic”, “Large Capacity Storage: Non- 
Magnetic Devices”, “Storage on a Magnetic Surface”, “Magnetic Core 
Storage”, “Circuits and Tubes for Decimal Counting”, “Miscellaneous 
Components and Circuits”, and “Analog-to-Digital and Digital-to-Analog 
Converters”. Index. 


Woodbury, David O. / Let Erma Do It: The Full Story of Automa- 


tion / Harcourt, Brace and Co., 383 Madison Ave., New York 17, 
N.Y. / 1956, printed, 305 pp. 


The “physiology” of ERMA, Electronic Recording Machine (for) Account- 
ing (a machine being built by General Electric for banking operations), 
is studied along with the workings of other automata and robots. The 
book’s two parts are: “This Business About Automation” (including 
Chapters 1 to 15), and “ERMA and Her Friends” (Chapters 16 to 26). 
The author traces the development of automated devices and discusses 
some of the social implications of automation. Selected bibliography and 
index. 
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abacus, 29 

abstracting, 118 

access time, 15; (def.), 228 

accumulation of small differences, 
190 

action time, 140 

adding machines, 8, 31 

address (def.), 228 

posi 6 

aeronau engineering, 5 

Aiken, Howard H., 9, 2 

airplanes, 168 

ALGOL, 117 

analog computer, 39, 138; (def.), 


onl cal 

ytical engine, 34 

AND (def.), 236 

AND-gate, 71 

ant hill, 167 

appliances, 169 

applications of computers, 55, 195 

Applied Logic, by W. W. Little, W. 
Wilson, and W. E. Moore, Boston: 
Houghton, Mifflin Co., 1955, 189 

Arabic notation, 29 

argument of the beard, 189 

Aristotle, 130 

arithmetic, 6 

arithmetical unit, 16; (def.), 227 

Association for Computing Machin- 
ery, 192, 194, 220 

automatic banking service, 163 

automatic computer, 3, 9, 10 

automatic data processing (def.), 
226 

automatic digital computer, 8 

automatic factory, 163 

automatic home library, 169 

automatic home ing machine, 
169 


liography (pages 


automatic lawnmower, 169 

automatic office, 163 

automatic oil-heating furnace, 113 

Automatic oe Program As- 
sembler, 10 

automatic programming (def.), 230 

Automatic Sequence-Controlled Cal- 
culator, 35 

automatic stove, 169 

automatic train, 166 

automatic vacuum cleaner, 169 

automation, 4, 153 

automatization, 4 

Azusa, 59 


Babbage, Charles, 32, 38 

Babylon, 28 

Bach chorale, 171 

Ballistic Missile Early Warning Sys- 
tem, 175 

balloting, 181 

banana, 115 

banking, 56 

Basic English, 125 

Bell and Howell, 176 

Bell Telephone Laboratories, 35, 171 

Berkeley, Edmund C., 224 

best strategy, 150 

Bethe, Hans, 148 

binary (def.), 233 

binary adder, 75 

binary coding, 67 

binary digit (def.), 234 

binary excess-three code, 68, 69 

binary notation, 67; (def.), 233 

biquinary notation (def.), 234 

bit, 16; (def.), 234 

BMEWS, 177 

Boole, George, 77, 130 
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Boolean algebra, 72, 77, 81; (def.), 


236 
Bourbon kings of France, 23 
branching operation, 12 
brick-words, 123 
Bruenig, J. E., 194 
buffers, 46, 50 
Bulletin of the Atomic Scientists, 178 
Bureau of the Census, 55, 64 
burglarizing, 25 
Burkhead, Jesse, 149 
Burroughs Corp., 63 
business, 41 
buss, 16 
but, 130 


calculating, 8 

calculating capacity, 48 

calculating unit, 16 

calculi, 29 

Calif. Inst. of Technology, 223 

Cambridge, Mass., 159 

Canon Diablo, 144 

card (def.), 229 

card punch, 46 

Carr, John W., III, 88 

cement-ideas, 130 

cement-words, 124, 211 

cement-words of discussion, 126, 212 

cement-words of language, 212 

cement-words of logic, 129, 217 

cement-words of mathematics, 129, 
215 

cement-words of science in general, 
128, 214 

Central Intelligence Agency, 150 

channel (def.), 228 

character, 45; (def.), 232 

checkers, 172 

checking digits, 51 

chess, 24, 131, 150, 172 

Childe, V. Gordon, 116 

Chinese, 31 

clock (def.), 229 

COBOL, 49, 117 

code (def.), 230 

coded decimal notation, 69; (def.), 


233 
Columbia Univ., 159 
Combat Information Center, 141 
common everyday context, 125 





compiling programs, 18 

complement (def.), 235 

Complex Computer, 35 

numbers, 35 

computer, 7; (def.), 225 

computer operating with ideas, 111, 
119 

computer organization, 14 

computer revolution, 41 

Computers and Automation maga- 
zine, published by Berkeley Enter- 
prises Inc., Newtonville 60, Mass., 
102, 178, 181, 192, 195 

computer scientist, 187 

computers installed, 159 

computer’s understanding, 113 

computing efficiency (def.), 232 

congressman, 164 

context, 123 

context label, 124 

“The Control of Disarmament by Fis- 
cal Inspection,” 149 

control unit, 17, 49; (def.), 227 

conversation with a computer, 88 

corn hybrids, 57 

costs of computers, 54 

count, 28 

Crane, Roger R., 194 

credit system, 163 

crime, 165, 186 

criminality of the stranger, 184 

criminal trial lawyer, 25 

Cuba, 150 

Curious Naturalists, by Niko Tin- 
bergen, New York: Basic Books, 
1958, 114 

cybernetics (def.), 226 

Cybertron, 22 


dangers from computers, 175 
Dartmouth College, 37 
data processor, 3; (def.), 226 
yc nte 63 

lebu; 24 
deciding a conflicting respon- 

sibilities, 223 

decimal notation (def.), 67, 232 
decision-maker, 139 
deity, 25 
delay line, 74 
demand for computer people, 159 
democracy, 164 
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Denmark, 62 

destruction of civilization, 143 

Detroit automation, 153 

diagnosis, 166 

difference engine, 32 

differences between human being and 
computer, 23 

digit (def.), 232 

Digitair, 139 

digital computer (def.), 226 

discontinuity, 5 

discuss, 87 

displacement of people by machines, 


154 

distinguishing truth from falsehood, 
114 

duty, 175 


Eastern Association for Computing 
Machinery, 159 

education, 27, 157, 168 

education of computers, 19 

Egyptian num » 30 

Einstein, Albert, 40 

Eisenhower, Dwight D., 180 

electricity-generating station, 163 

electronic brains, 3 

Electronic Numerical Integrator and 
Calculator, 38 

ENIAC, 38, 139 

epicycles, 12 

epigram, 23 

events, 129 

EXCEPT-gate, 74 

excess three (def.), 233 

exclusive OR (def.), 236 

existence, 128 

exploration, 167 

extermination of people, 223 


feedback (def.), 226 

feed for livestock, 60 

Ferranti Electric Company, Inc., 62 
ferrite, 53 

fire control, 138 

fixed-point calculation (def.), 235 
Fleming, Alexander, 171 
floating-point calculation, 235 

Ford Instrument Co., 138 

French, 26 

Friden desk calculating machine, 43 


— —— 181 
general- se educat 1 
Geneva, UB santo 
giant brains, 3 

glossary, 225 

Goldberg, Arthur J., 154 
Gorn, Saul, 224 

Gotlieb, Calvin C., 93 
government, 164 

Great Britain, 148 

Green, L. E. S., 93 


Hamlet, 168 

hardheaded analysis, 151 

hardware, 53 

Harris, Whitney R., 184 

Harvard IBM Automatic Sequence- 
Controlled Calculator, 9, 37 

Pe np line printer, 46 
iling, 122 

Hiller, L. A., Jr., 170 

Hindus, 31 

Hiroshima, 145 

history of computers, 28 

Hitler, 179 

home theater, 168 

horror point, 179 

sae units, 57 

Hubbell, John G., 177 

Hughes Aircraft, 139, 167 

hydroelectric power stations, 62 


IBM 650 computer, 49, 61, 93 

IBM 704 computer, 59, 106, 142, 
171, 203 

IBM 7090 computer, 171 

IBM 7030 Stretch computer, 54 

idea, 114 

idea-labels, 132 

identification of the enemy, 144 

identifying chemicals by spectrum, 
58 

IDP, 227 

Iliac computer, 170 

Iliac Suite for String Quartet, 170 

Illinois, Univ. of, 57 

inclusive OR (def.), 236 

Industrial Revolution, 3, 169 

information, 10; (def.), 230 

input (def.), 227 

input unit, 14 
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Inspection for Disarmament, edited 
by Seymour Melman, New York: 
Columbia Univ. Press, 1958, 149 

inspection section, 148 

instruction (def.), 230 

Instrument Society of America, 229 

insurance business, 41 

integrated data processing (IDP) 
(def.), 227 

intercontinental ballistic missiles, 187, 
190 

intermediate memory, 47 

International Business Machines 
Corp. (IBM), 9, 38, 54, 57; 75; 
162, 176 

International Military Tribunal, 185 

International Telephone and Tele- 
graph Laboratories, 58 

interpreters, 18 

irrigation, 165 

Isaacson, L. M., 170 


Jackson, Robert H., 184 
Jacobson, Arvid W., 224 

Jet Propulsion Laboratory, 223 
Jordan, Edward I., 182 
judges, 182 

judgment of the real world, 26 


Khrushchev, N., 177 
Kuter, General Laurence S., 177 


language (def.), 227 

bpacgpe Aggressive War, The, 185 

Laws of Thought, The, 77 

legal statutes, 161 

Leibnitz, G. W., 31 

libraries, 172 

Library of Congress, 48 

Life magazine, published by Time, 
Inc., New York 20, N.Y., 55 

Little, W. W., 189 

Livermore Atomic Research Center, 


54 
livestock feed mill, 60 
locksmith, story of, 183 
logic, 11, 71 
logical-AND circuit, 71 
logical-EXCEPT circuit, 74 
logical fallacy, 188 
logical-NOT circuit, 69 
logical operations, 11 


logical-OR circuit, 72 
Louisville Medical Depot, 56 
Luddites, 154 

Lusted, L. B., 167 


McGovern, Patrick J., 102 
machine language (def.), 234 
machine tool, 164 

machine word, 11, 45; (def.), 234 
Macy, R. H., and Co., 156 
magnetic core, 53 

magnetic drums, 47 

magnetic film, 54 

magnetic surface, 11 
magnetic tape (def.), 230 
management games, 163 
mantelops, 122 

manufacture of computers, 54 
Mass. Inst. of Technology, 102 
mathematical operations, 11 
mathematics, 40, 172 
Mauchly, John W., 38 


meaning, 115 
pease ml) 167 
medical supply depot, 56 


medicine, 1 

Meier, R., 194 

Melman, Seymour, 149 

memorial of personality, 170 

memory, 15, 47; (def.), 227 

meteorite, 144 

method of testing, 107 

Michigan, Univ. of, 88 

military air force, 142 

military influence on computer de- 
velopment, 138 


Moore School of Electrical Engineer- 
ing, 38 

Moore, W. E., 189 

multiple trunks, 50 

multiplying machines, 31 

pees), a and traffic control, 50 


music by computers, 170 


national budgets, 149 

National Cash Register computer, 156 
National Peace Agency, 146 
navigation, 34 

Nazi Germany, 179 


neat 247 


negative feedback (def.), 226 

nerves for society, 64 

Newton, Isaac, 40 

NORAD, 143, 176 

North American Air Defense Com- 
mand, 143, 176 

North Carolina, Univ. of, 88 

NOT (def.), 236 

notation (def.), 232 

Nottingham, 154 

Nth country problem, 144 

number pair, 95 

Nuremberg trial, 184 


objects to count with, 29 
ocean, 167 

octal notation, 68 

office automation, 153 
off-line buffer, 50 

Offutt Air Force Base, 142 
Ogden, C. K., 125 

ones complement, 69, 70 
on-line buffer, 50 
operating ratio, 52 
operator word, 95 

optical character reader, 163 
ordinary word, 95 
OR-gate, 72 

output (def.), 227 


output unit, 15 


paper-tape punch, 46 
parallel circuit, 79 
parameter (def.), 235 
paranoia, 187 

paraphrases, 131 

Pascal, Blaise, 31 

Patrick Air Force Base, Fla., 59 
peace engineering, 146 
peace struggles, 150 
penicillin mold, 171 
Pennsylvania, Univ. of, 38 
people in computer field, 159 
peripheral equipment, 46 
Peterson, Peter G., 176 
phase inverter, 70 

physical form of an idea, 116 
Pickering, W. J., 223 
Pierce, John R., 171 
Pittman, D., 125 

poison gas, 179 

poker, 150 


Polster, Norman E., 181 

population, 10 

positioned, 8 

positive feedback (def.), 226 

power, 42, 67 

Practical Linguistics, by Dean Pitt- 
man, Cleveland, Ohio: Mid-Mis- 
sions, 1948, 125 

preventive maintenance, 52 

program, 17; (def.), 230 

program-interrupt, 50 

programmed conversation, 104 

programs that think?, 24 

pseudo-code (def.), 230 

pseudo-instructions, 48 

public utility, 162 

public utility billing, 13 

pulse, 65; (def.), 228 

pulse repetition rate, 65 

Purdue Univ., 62 

put out, 8 


quality, 95 

questions that computers cannot an- 
swer, 25 

Quine, W. V., 130 


radar signal pulses, 59 

random access (def.), 228 

rapid memory, 47 

Raytheon Company, 22 

Reader’s Digest magazine, published 
by Reader’s Digest Assn., Inc., 
Pleasantville, N.Y., 177 

reading, 5, 19 

real change, 188 

reasonable operations, 10, 11 

recognition of a face, 25 

registers, 15 

relations, 115 

relevance, 128 

reliability, 51 

Remington Rand, 44, 54, 141 

reply frame, 97, 106 

responses by computer and by peo- 
ple, 203 

Retail, Wholesale, and Department 
Store Union, 156 

revolution, nature of, 4 

Rochester Medical Center, Univ. of, 
167 

Romans, 30 
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Rothstein, J., 193 superhighway, 165 
Russell, Bertrand, 130 Sutro, Louis, 193 

Swedish State Power Board, 61 ; 
safe, 183 ‘i 
sausage factory, 55 
scale of two, 67 Teachers College, 125 


scheduling of university students and 
classes, 62 

Schréder, Ernst, 130 

scientific investigation, 171 

scientific, military, and engineering 
knowledge, 40 

Second Industval Revolution, 3 

sequence mechanisms, 34 

series circuit, 79 

Service Bureau Corporation, 61 

Shader, Melvin A., 224 


sheep, 13 
shock absorbers, 156 


simulation, 24, 139, 168 

size of computers, 54 

Slemon, C. Roy, 176 

slide rule, 39 

Sloan-Kettering Institute for Cancer 
Research, 

SOAP (Symbolic Optimum Assembly 
Programming), 49 

social control, 162 

socially desirable applications, 220 


socially undesirable applications, 220 
social organism, 221 
social r of ideas, 116 


social responsibilities of computer 
people, 178, 220, 222 

Social Security Administration, 55 

society and computers, 161 

solar heating, 169 

solid-state computers, 53 

South America, 151 

Soviet Union, 148 

space traffic, 59 

space-vehicle launching, 166 

Sputnik I, 178 

square root, 18 

states, 129 

Statue of Liberty, 117 

stereotyped conversation, 97 

Stibitz, George R., 35 

storage, 15, 47 

store, 8, 34 

Stretch computer, 75 

submarines, 168 


Teacher's Word Book of 30,000 
Words, The, by Edward L. Thorn- 4 
dike and Irving Lorge, New York: 
Teachers College, 1944, 125 

teaching machines, 168 

technical inspection, 147 

technicality of context, 125 

Technical Operations, Inc., 139 

“ten of,” 28 

thinking o} 

operations, 20, 21 

sheiaios 171 

Thule False Alarm, 175 

Tinborgen, Nik 

Tin iko, 114 

tirelessness, 52 ; 

Toronto, Univ. of, 93 ' 

towering problem of our time, 187 

training, 168 

transducer (def.), 229 

transfer instruction (def.), 230 

translation, 172 

rtation, 165 

Turing, A. M., 88, 102 

two, 115 

Tyranny on Trial: The Evidence at 
Nuremberg, by Whitney R. Harris, 
Dallas, Tex.: Southern Methodist 
Univ. Press, 1954, 184 


understanding, 112 

unemployment problem, 158 

United Nations, 146 

U. S. Air Force Strategic Air Com- 


mand, 142 4 


U. S. Bureau of Labor Statistics, 155 

U. S. Department of Defense, 55 q 

U. S. Department of Justice, 162 

U. S. Department of the Treasury, 
156 

United States laws, 151 

U.S. Navy, 138, 141 i 

Univac Advanced Navy Computer, 


141 ‘ . 


Univac Lare, 44, 54 
Univ. of Illinois, 57 
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Univ. of Michigan, 88 

Univ. of North Carolina, 88 

Univ. of Pennsylvania, 38 

Univ. of Rochester Medical Center, 
167 

Univ. of Toronto, 93 

uranium, 145 


Variations in Timbre and Attack, 171 
vocabulary, 125 
volcano, 167 


Wainwright, Lawrence, 182 

war and computers, 138 

war by accident or miscalculation, 
145 

weather forecasting, 165 
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Weinberg, Edgar, 194 

Western Joint Computer Conference, 
193 

What Happened in History, by V. 
Gordon Childe, Baltimore: Pelican 
Books, 1954, 116 

Whitehead, A. N., 130 

Wilson, W. H., 189 

Wood, F., 193 

words, 45 

World War II, 188 

writing, 5 


You Are Under Attack, 177 


Zero, 30 





